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Survival and Function of Auto- and Homografts of 
Adenohypophysial Tissue in the Toad, 
Bufo Bufo (L). 


By 
Dora Jacobsohn and C. Barker Jorgensen. 


Received 26 October 1955. 


The systematic studies of GREEN (1951), WINGSTRAND (1951) and 
others have revealed that the pars distalis of the pituitary gland in all 
vertebrate classes, from the cyclostomes to mammals, is supplied 
with blood from a special vascular system, the hypophysial portal 
vessels. The possible importance of the hypophysial portal circulation 
for the function of the anterior pituitary gland has so far been studied 
in mammals and birds (HARRIS 1955). Evidence supporting the view 
put forward by Harris (1948) that hypothalamic control of the 
anterior pituitary gland is mediated by the hypophysial portal vessels 
was obtained by Harris and coworkers in mammals (e.g. HARRIS and 
JACOBSOHN 1952, JACOBSOHN 1954, DONOVAN and Harris 1955) and 
by BENoIT and ASSENMACHER (1953) in birds. According to THOMSON 
and ZUCKERMAN (1954) and ZUCKERMAN (1955) the hypophysio- 
portal circulation is not indispensable for normal function of the 
anterior pituitary gland. 

The general occurrence of the hypophysial portal vessels suggests a 
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uniform functional significance of this vascular link between the 
hypothalamus and the anterior pituitary gland. Therefore, an in- 
vestigation of other vertebrates than mammals and birds seemed to 
be of interest. In the present work we studied autoplastic and homo- 


plastic grafts of pars distalis tissue placed under the median eminence — 


and under the recessus opticus, respectively, of the brain of the toad, 


Bufo bufo (L). The functional state of the pituitary grafts is easily [ 


evaluated from the condition of the skin and the length of survival 
of the animal (see Houssay 1949). 


Experimental. 


All toads used belong to the species Bufo bufo (L). The material presented 
consists of 97 adult toads of both sexes and 49 recently metamorphosed 
toads (body weight 1—3 gms) that were operated on during October and 
November 1954. Normal controls were kept under identical conditions as 
the animals under experiment. The toads were collected in August and 
September 1954 near Copenhagen and kept in a cellar in glass jars, singly 
or two to four together. The toads were sitting either in water or on wet 
filterpaper. The adults were fed meal worms and the young ones received 
small flies, Drosophila. 

The following types of experiments were made on adult toads: 

Group I: a) (12 expts.) Removal of the pars distalis of the pituitary gland, 
b) (11 expts.) Extirpation of all parts of the pituitary gland (hypophysec- 
tomy). 

Group II: a) (10 expts.) Removal and replacement of pars distalis (auto- 
graft under the median eminence), b) (18 expts.) Hypophysectomy and auto- 
graft under the median eminence. 

Group III: a) (2 expts.) Removal of pars distalis and autotransplantation 
under the recessus opticus, b) (7 expts.) Hypophysectomy and autotrans- 
plantation under the recessus opticus. 

Group IV: a) (14 expts.) Removal of pars distalis and transplantation of 
the pars distalis of 1, 4 or 5 pituitary glands obtained from recently meta- 


morphosed toads under the median eminence (homograft under the median” 


eminence), b) (13 expts.) Hypophysectomy and homograft under the gl 


median eminence. 
Group V: a) (3 expts.) Removal of pars distalis and homografting — 


the recessus opticus, b) (7 expts.) Hypophysectomy and homograft under " 


the recessus opticus. 
Observations on young toads (3—4 months after metamorphosis) were | 


made after 1) Removal of pars distalis, 2) Hypophysectomy and 3) After” 
hypophysectomy and transplantation of pars distalis tissue obtained from 
an adult toad under a) the median eminence and b) the recessus opticus. 


The operations were done under anaesthesia effected by placing the toad” 
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into a 5 per cent urethane solution before operation. In the adult toads the 
base of the brain was exposed by removing part of the parasphenoid. 
After careful separation from the median eminence the pars distalis was 
taken off with watchmaker’s forceps. For the hypophysectomies the neuro- 
intermediate lobe was separated from the median eminence and then 
removed by suction. Immediately thereafter the transplants were placed in 
position. All grafts consisted of one whole pars distalis, except 4 autografts 
reduced to half size. Generally the orientation of the autografts replaced 
under the median eminence was left to chance but often the meeting of the 
cut ends was deliberately prevented. The homografts were quickly trans- 
ferred from the living donor to the recipient, thus avoiding damage due to 
evaporation. Recipient and donor were operated on simultaneously. The 
operation was finished by replacing the parasphenoid and closing the wound 
with two stitches. 

The procedures made on the young toads were similar to those just 
described. However, in hypophysectomies the neuro-intermediate lobe was 
removed with forceps and the homografts consisted of small pieces of pars 
distalis from an adult donor. Usually, operations with homografts were 
made reciprocally. 

All operations were done under the Zeiss operation microscope using 
up to 40 x magnification. 

The survival of the toads was compared between the various groups 
under experiment and controls. The condition of the skin was usually 
examined once a week. Hypofunction of the pars distalis results in increased 
keratinization of the epidermis and delayed or inhibited moulting of the 
skin. In the normal toads moulting took place about once a week. The 
condition of the skin was graded as follows: 1) normal moulting, 2) in- 
complete moulting and slightly increased keratinization. Remnants of 
cornified skin can easily be wiped off. 3) Moulting is inhibited and the toad 
is covered with a thick layer of keratinized epidermis difficult to remove. 
In the final stage the keratinized layer is disintegrating and dilated capillaries 
in the skin make the ventral side of the body appear reddish. The animals 
die in complete lethargy. With regard to the histological examinations a 
number of toads were killed in this terminal state. 

Microscopic examination of the field of operation was performed in 
nearly all cases. With few exceptions which were studied post mortem under 
the binocular microscope at 40 x magnification, the trimmed skull was 
fixed in Susa’s solution at 0° C, decalcified in trichloracetic acid at 0° C and 
a block of tissue containing the brain and base of skull embedded in paraffin 
wax. Serial sections in the sagittal plane were made, mostly 10 uw and a few 
5 uw thick. The 10 u sections were stained with haematoxylin eosin and the 
5 « sections with Heidenhain’s azan. A few specimens were fixed and de- 
calcified in Bouin’s solution. In a number of toads of group II the vascu- 
larization of the grafts was studied in the living animal (see page 6). 

By the microscopic examination of the series of sections the completeness 


| of the extirpation of the pars distalis or whole pituitary gland was checked. 


The state of the hypophysial grafts was studied. 
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Fig. 1. Time of survival and condition of skin in toads after removal of pars 
distalis (group I a) and after total hypophysectomy (group I b). 


Explanation to figs. 1— 3: In the toads of the “a” groups the pars distalis was © 
removed. The toads of the “‘b” groups were hypophysectomized. The length of | 
the line opposite each individual indicates the time of survival after operation, | 
except in fig. 2 where the toads 2—10 of group Il a and the toads 6—18 of group 7 
II b lived considerably longer than 26 weeks. Periods of abnormal condition of » 
the skin are shown as hatched rectangular areas on these lines. The high rectangles | 
indicate hyperkeratinization and complete inhibition of moulting. The lower ones | 
indicate incomplete moulting and slightly increased keratinization. ‘ 

x = sacrificed in the final stage. f 

0 = supplied with pars distalis tissue obtained from 4 or 5 donors. £ 


Results. 


The observations made on the living adult toads are illustrated by : 
figures 1—3. The condition of the skin is indicated by the height of Fig. 2 
the hatched row on the horizontal line showing the time of survival. 48-1, 
Entries are made for recipients supplied with 4 or 5 homografts (0) 
as well as for toads killed in the final stage ( x). 

Group I: After removal of the pars distalis and after complete 
hypophysectomy all but one of the toads died after 5 to 10 weeks. Gre 
Abnormal keratinization and inhibition of moulting were found to’ media 
begin a few days after the operation and lasting until the end of the hypor 
experiment (fig. 1). Microscopic examination revealed a small remnant _ in fig. 
of pars distalis in contact with the median eminence in the one toad anima 
that lived 31 weeks. In the others remnants could not be detected. 
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ht of | Fig. 2. Time of survival and condition of skin in toads operated on as those in 
fig. 1, but supplied with pars distalis autografts under the median eminence (group 
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Fig. 3. Time of survival and condition of skin in toads operated on as those in donc 
fig. 1, but supplied with pars distalis homografts placed under the median eminence emin, 

(group IV) or under the recessus opticus (group V). The t 
The | 
opera 
15 to 18 of this group the grafts consisted of half a pars distalis only. | grour 
About half a year after the operation 9 toads of group II a+b, both) curre 
males and females, were sacrificed. Microscopic examination revealed) Severe 
large intact grafts in close contact with the median eminence and with) norm. 
well differentiated cells. About a year after operation an attempt was) obser 
made to study the hypophysio-portal circulation in 8 living animals} Preces 
under 40 x magnification. In 3 of these this attempt was successful.| IN gro 
As judged by the direction and briskness of blood flow this circulation) quent 
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median eminence. The blood flow in the pars distalis had ceased but 
hypophysial portal vessels connecting median eminence and pars 
distalis were present. In the remaining 8th toad the exposure failed 
because of adhesions between bone, median eminence and pars 
distalis. Unfortunately toad IIb 1 resembling the experiments of 
group I and toad II b 2 that had a long period of normal function 
before death could not be examined histologically because of post 
mortem changes. Toads II a | and II b 3 and 4 have died from infec- 
tion or for unknown reasons. 

Group III includes experiments on autografts placed under the 
recessus opticus after removal of the pars distalis and after total 
hypophysectomy. Although the toads of group III were supplied 
with autografts, it may be seen from fig. 2 that they reacted differently 
from those in group II. Similar to group I (fig. 1) keratinization de- 
veloped soon after operation and the length of survival was about as 
short as in group I. But, as in group II, the microscopic examination 
revealed in all instances a large, well vascularized and preserved 
transplant (figs. 4, 5). At least two different types of cells could be 
distinguished. Their cytoplasm was, however, reduced and not granu- 
lated. Compared with the normal pars distalis the transplants appeared 
considerably less differentiated. In the original place the pars distalis 
was completely absent. 

Group IV: In this and in the following group observations are given 
on toads with homografts obtained from recently metamorphosed 
donors. In group IV the homografts were placed under the median 
eminence. Fig. 3 shows that the effect of the operations was variable. 
The toads IV a | and IV b 1, 2, 3 reacted similarly to those of group I. 
The others survived longer, though all died within 31 weeks after 
operation. With regard to the changes of the skin these toads of 
group IV presented striking features. Abnormal keratinization oc- 
curred regularly, but there were, in most cases, intervals of one to 
several weeks when moulting and the appearance of the skin were 
normal. Often a short transient period of abnormal keratinization was 
Observed soon after operation. Death occurred in a lethargic state 
preceded by a period, in which the skin progressively deteriorated as 
in group I. Normal appearance of the skin was observed more fre- 
quently after removal of the pars distalis and grafting (IV a) than after 
hypophysectomy and grafting (IV b). Microscopically, healthy grafts 
could not be found. Small, if any, remnants of undifferentiated pars 
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distalis cells, round cells, eosinophilic leucocytes and loose connective 
tissue had replaced the grafts. Remnants of the recipient’s own pars 
distalis were not found. 

Group V includes experiments with the homografts placed under 
the recessus opticus. From fig. 3 it may be seen that the results from 
this group were nearly the same as in group I. The toads presented 
marked disabilities. The microscopic examination, however, revealed 
that the transplants, in contrast to the foregoing group examined at 
a later instant after operation, had not disappeared (figs. 6, 7). In 3 
of 7 specimens examined microscopically a substantial proportion of 
the transplanted tissue appeared intact. The differentiation was 
similar, but less distinct, than in the corresponding autografts (group 
III). Remnants of the recipient’s own pars distalis were not found in 
this group. 

10 young toads that had the pars distalis removed and 9 hypo- 
physectomized ones survived only for about two weeks. In one toad 
the pars distalis was not completely removed and this animal lived 
85 days. In another one surviving 21 days the hypophysectomy was 
not complete. Hyperkeratinization was found in all but one of the 
remaining 17 toads. Unfortunately the exceptional one toad was not 
examined microscopically because of post mortem changes. 10 hypo- 
physectomized young toads that had, under the recessus op‘icus, 
homografts obtained from adult toads survived on an average 24 days. 
From about two weeks after operation onwards the epidermis was 
found to be hyperkeratinized. In 7 of these 10 animals quite a large 
part of the transplant with apparently intact but poorly differentiated 
cells was still present at the end of the experiment. In the remaining 
3 toads the transplants had disappeared. 11 of 18 hypophysectomized 
young toads with the homografts placed under the median eminence 
survived longer than any one of the preceding group. 7 were living at 
79 to 216 days after operation. Abnormal keratinization of the skin 
occurred also in this group. However, in 9 toads shorter or longer 
intervals of normal moulting were observed. In 8 of the 18 toads of 
this group the transplants were completely replaced by loose connec- 
tive tissue with or without round cells. In the others large or small 
groups of apparently intact cells of the transplant were seen within 
the reactive tissues (figs. 8, 9). The cells of such transplants were 
generally smaller and less differentiated than those of a normal pars 
distalis from an adult toad. 
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OF AUTO- AND HOMOGRAFTS OF ADENOHYPOPHYSIAL TISSUE 
IN THE TOAD, BUFO BUFO (L). 


Acta physiol. Scandinav. 36:1 


4 
| 
~ 
| 
DORA JACOBSOHN AND C. BARKER JORGENSEN: SURVIVAL AND FUNCTION 


Fig. 8. Sagittal section through the brain, base of skull and homograft of pars 

distalis tissue obtained from an adult toad and placed under the median eminence 

of a recently metamorphosed toad. 107 days after operation. Haematoxylin 
eosin. x 101. 


Fig. 9. Part of the homograft given in fig. 8. Adjacent section, 5 4, showing in- 
tact, differentiated cells. Azan. x 385. 
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Discussion. 

After removal of the pars distalis and after hypophysectomy (group 
I) the toads survived only for a few weeks. Their skin showed ab- 
normal keratinization, and moulting was inhibited. These observa- 
tions on Bufo bufo agree with those of SCHARRER (1934) as well as 
with the results of the extensive investigations by Houssay and co- 
workers on the hypophysial functions in Bufo arenarum (see HoussAY 
1949). In Bufo bufo the condition of the skin and the time of survival 
may therefore reasonably be used as indications of the functional 
activity of the pars distalis. 

Autografts of pars distalis placed under the median eminence 
(group II) or under the recessus opticus (group III) became well 
vascularized. They survived and appeared intact at the end of the 
experiments. Although the autotransplants under the recessus opticus 
showed two types of large cells they did not present the normal 
microscopic appearance seen in the autografts placed under the median 
eminence. These latter grafts, only, were supplied by vessels derived 
from the hypophysial portal system. In the living toads studied 
(group II) a reestablishment of the hypophysio-portal circulation was 
seen. As indicated by the condition of the skin and the survival of 
the toad the autografts under the median eminence were functional. 
The autotransplants under the recessus opticus did not exert activities 
as judged by those two criteria. The results obtained from toads be- 
longing to the species, Bufo bufo, and supplied with autografts after 
removal of the pars distalis or after hypophysectomy agree with those 
obtained in rats (HARRIS and JACOBSOHN 1952). Since the evidence 
for secretory nerve fibres to the pars distalis has so far not been 
convincing, neither in amphibians nor in mammals (GREEN 1947, 
1951) it is tempting to assume that in the toad as well as in the rat 
anterior pituitary function is under hypothalamic control mediated 
by the hypophysial portal vessels. Investigations of the regenerative 
capacity of nerve fibres passing the median eminence in toads are 
required, however, before it may be accepted that the hypothalamic 
control is, in this species, mediated solely by vascular channels. 

The studies on homografts of the pars distalis revealed also a 
difference in the reaction of the recipient according to the site of the 
transplant. The functional activity of the homotransplants placed 
under the median eminence (group IV) was, however, of considerably 
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shorter duration than that of autografts in this site (group II). The 
temporary substitution of the function of the recipient’s pars distalis 
observed in group IV cannot be due simply to absorption of the 
homotransplant, because 1) homotransplants of the same size, but 
placed under the recessus opticus (group V), failed to repair the 
disabilities caused by the removal of the recipient’s pars distalis 
although the grafts were, at least partly, still present at the end of the 
experiment, and because 2) a pars distalis implant of similar size is 
not effective during periods lasting, as in group IV, for up to 16 weeks 
(confirmed by own unpublished observations). 

In view of the fact that donor and recipient were most probably of 
genetically diverse origin it seems likely that a transplantation im- 
munity reaction (BURNET and FENNER 1949, MEDAWAR 1954) has 
contributed to the results obtained from the experiments on homo- 
grafts. The sequence of events occurring in the homografts under the 
median eminence (group IV) might, then, be pictured as follows: 
The pars distalis homograft heals into place. It receives a vascular 
supply from the hypophysial portal system and becomes functionally 
active. This “latent period” is followed by a homograft reaction 
resulting in the breakdown of the transplant and inflammatory 
destruction. Further work is in progress to test this assumption. In 
the present investigation the microscopic examinations could not be 
- made earlier than a few weeks after the pars distalis homograft had 
ceased to function. At this time the homografts under the median 
eminence had more or less completely disappeared. The homografts 
under the recessus opticus were still, at least partly, present at the 
end of the relatively short experiments of group V. Inflammatory 
reactions and varying degrees of breakdown of the transplanted 
tissue could always be observed in this group. The present, limited 
microscopic observations agree with descriptions of homograft reac- 


tions in mammals (see MEDAWAR 1954) and amphibians (VoGeEL 1940, | 


Harris 1941, EAKIN and Harris 1951). 

The results of the experiments on young recipients supplied with 
pars distalis grafts obtained from adult toads showed a similar state 
of affairs as the corresponding experiments on adult recipients. Only 


the pars distalis grafts under the median eminence exerted a functional | 


activity, and this was of limited duration. 
BILLINGHAM and PARKES (1955) when comparing the survival of 
homografts of skin and ovaries pointed out: “There is, however, an 
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impressive body of evidence that homotransplants of at least some 
endocrine tissues are not dismissed in such a summary manner ...”’. 
That immunity reactions can depress the functional activity of homo- 
grafts of anterior pituitary tissue is indicated by experiments included 
in the papers by HARRIS and JACOBSOHN (1952, p. 270) on rats and 
by JACOBSOHN (1954) on rabbits. Evidence for an initial functional 
activity followed by a state of complete depression has so far not 
been recorded in such grafts. 

In their study of the survival of ovarian homografts in rats HARRIS 
and EAKIN (1949) found that the destruction of such grafts was 
delayed or prevented by previous castration of the host animal. The 
authors suggest “that antagonism to alien grafts may be modified in 
accordance with the functional state of the transplant.” The observa- 
tions on groups IV and V seem to support this assumption. Further 
work is necessary, however, to substantiate this point. 


Summary. 


In the toad, Bufo bufo (L), the survival and function of auto- and 
homografts of the pars distalis of the pituitary gland placed under the 
median eminence or under the recessus opticus of the brain were 
studied. The toads were supplied with the grafts after removal of the 
pars distalis or after hypophysectomy. 

All autografts were well vascularized and surviving. However, only 
the autografts under the median eminence receiving a vascular supply 
from the hypophysio-portal system appeared normal and exerted 
functional activities, as judged from the condition of the skin and the 
length of survival of the recipient. 

The survival of homografts was limited. Such grafts placed under 
the median eminence were, however, functional during periods of up 
to 16 weeks. Homografts placed under the recessus opticus failed to 
exert the activities studied in the present work. The recipients of 
homografts at this site did not survive appreciably longer than toads 
with the pars distalis removed, and their skin showed abnormal 
keratinization. 

The observations support the assumption that in amphibians the 
functional significance of the hypophysio-portal system is the same 
as in mammals. The importance of immunological reactions for the 
function of homografts of this endocrine gland is discussed. 


12 DORA JACOBSOHN AND C. BARKER JORGENSEN. 


Our thanks are due to Mrs. Gunhild Nilsson for her skilled help 
with the histological work and to Miss Gunnel Christiansson for 
valuable technical assistance. 

This work has been supported by a grant from the Rockefeller 
Foundation. 


References. 


Benoit, J. and I. ASSENMACHER, Arch. Anat. Micr. Morph. Exp., 1953. 
42. 334. 

BILLINGHAM, R. E. and A. S. PARKES, Proc. Roy. Soc., B, 1955. 143. 550. 

Burnet, F. M. and F. FENNER, The production of antibodies, 1949, Mel- 
bourne: Walter and Eliza Hall Institute of Medical Research. 

Donovan, B. T. and G. W. Harris, Brit. Med. Bull. 1955. 17. 93. 

Eakin, R. M. and M. Harris, J. Exp. Zool., 1951. 1/6. 165. 

GREEN, J. D., Anat. Rec., 1947. 99. 21. 

— Amer. J. Anat., 1951. 88. 225. 

Harris, G. W., Physiol. Rev., 1948. 28. 139. 

— 1955, The Neural Control of the Pituitary Gland. Edward Arnold & Co., 
London. 

— and D. JAcoBSOHN, Proc. Roy. Soc., B, 1952. 139. 263. 

Harris, M., J. Exp. Zool., 1941. 88. 373. 

— and R. M. Eaxmn, J. Exp. Zool., 1949. 7/2. 131. 

Houssay, B. A., Quart. Rev. Biol., 1949. 24. 1. 

JACOBSOHN, D., Acta Endocr., 1954. 17. 187. 

Mepawar, P. B., in Preservation and transplantation of normal tissues. 
Ciba Foundation Symposium, 1954. 1. 

SCHARRER, E., Verh. Dtsch. Zool. Ges., 1934. 36. 23. 

Tuomson, A. P. D. and S. ZUCKERMAN, Proc. Roy. Soc., B. 1954. 142. 437. 

VocEL, H. H., J. Exp. Zool., 1940. 85. 437. 


WINGSTRAND, K. G., The structure and development of the avian pituitary. 


Gleerup. Lund. 1951. 
ZUCKERMAN, S., Ciba Found. Coll. Endocr., 1955. 8. 551. 


Fig. 4. Midline sagittal section through brain, base of skull and autograft of pars | 


distalis placed under the recessus opticus. Group III a, exp. 1. Haematoxylin | 


eosin. 25. 


Fig. 5. Same section as in fig. 4. The autograft is well vascularized and intact. 
Cells with different staining properties are present. As compared to a normal 


pars distalis the cells are smaller and less granulated. Haematoxylin eosin. x 101. © 


Fig. 6. Midline sagittal section through brain, base of skull and homograft of © 
pars distalis placed under the recessus opticus. Group V a, exp. 1. Haematoxylin | 


eosin. x 25. 
Fig. 7. Same section as in fig. 6. The homograft has intact as well as degenerating 


cells and is infiltrated by round cells. The free surface is surrounded by loose | 


connective tissue and round cells. Haematoxylin eosin. x 101. 
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Tubular Excretion of Histamine in the Hen. 
By 


Kerstin M. Lindahl and Ivar Sperber. 


Received 4 November 1955. 


It is well known that small amounts of free histamine appear in the 
urine of many species (ANREP 1944). As to the origin of this histamine 
there are different opinions and the available evidence does not make 
it quite clear whence it is derived. 

According to ADAM (1954) the free histamine normally excreted in 
the human urine is very likely derived from the plasma. The evidence 
is indirect as he has not been able to detect histamine in the plasma. 
EMMELIN found, however (1951), that histamine injected in the renal 
artery of the cat is not excreted in the urine unless the injected dose 
is large enough to escape partly via the renal vein into the general 
circulation. He considers that no histamine will appear in the urine 
as long as the kidney is able to remove completely the added hista- 
mine from the plasma; when this is not the case some histamine will 
appear in the urine and some in the venous plasma causing a drop in 
blood pressure. ADAM’s hypothesis is opposed also by SCHAYER’s claim 
that urinary histamine may be derived from decarboxylation of 
histidine in the kidney where it is excreted without having entered the 
circulation (SCHAYER 1954). 

In connection to these hypotheses the question arises whether the 
histamine is excreted solely by filtration, by filtration combined with 


| 
| 
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reabsorption or, possibly, by tubular excretion. The experimental 
analysis of this problem is not easily undertaken by the usual clearance 
technique, as the histamine blood levels necessary may be expected 
to have pronounced physiological effects. 

However, in the chicken it is possible to examine the alternative of 
tubular excretion by using a method developed by SPERBER (1948) in 
which the substance to be investigated reaches the kidney via a renal 
portal circulation. 

Any substance infused into a leg vein of the chicken passes at least 
partly through the renal peritubular capillary network before entering 
the general circulation. A compound which is excreted by the tubules 
will be partly transferred to the tubular urine during this passage. 
The excess excretion into the ureter on the side of the infusion is then 
a measure of the efficiency of the tubular excretion. 


Materials and Methods. 


White Leghorn hens were used. The experimental procedure was in 
general similar to that used by SPERBER (1948). The method has, however, 
been modified in several respects. Two small polyethylene tubes with fun- 
nelled proximal ends were sutured into the cloaca, one at each ureteral open- 
ing. The sutures go through the cloacal mucosa and a rubber collar which 
encircles the proximal wide end of the tube. The contents of the tubes were 
flushed out continuously by a slow stream of Tyrode’s solution introduced 
at the proximal end of the polyethylene tubes by a metal cannula piercing 
its wall. The urine was collected separately from the ureters. Before suturing 
a small amount of anesthesin was applied to the cloacal mucosa, otherwise 
no anaesthesia was necessary. 


A fine sharp metal cannula was introduced into one of the veins at the 7 


tibio-metatarsal joint. This cannula was connected to an elevated container 
of physiological saline, which allowed a slow stream of saline to flow into 
the vein during the whole experiment. The cannula was also connected to 


a motor-driven syringe, which was used to inject the test solutions during | 


a time of 1—3 minutes, at a rate of 0.33 ml/min. 


Except in one experiment 0.2 gm inulin was injected into the pectoral | 


muscle before the experiment, and the test solutions contained 0.050— | 
0.10 mg/ml phenol red in addition to histamine. : 
Inulin was determined according to the method described by HUBBARD | 
and Loomis (1942). 
The phenol red concentrations were determined by measuring the light 
absorption at an alkaline pH at 558 muy. 
Histamine was estimated on a piece of guinea pig ileum suspended in 2 ml 
Tyrode’s solution containing atrophine sulphate in the concentration 
2.5° 10-7 g/ml, and compared with a standard solution of histamine di- 
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Table I. 


Phenol red) 
injected | excess on | Collection 


Pas | Histamine excreted 
| Hista- | 
mine the side| 


| Total 
| injected | period 


ion the non) recovery) _. o 
| no. | injected | of ini | side as % | .. ei fins 
jected | percent | Side as % | minutes 
| ug | injection | side ug of inj. dose} 
| 
1 330 | 109 5 35 32 15 
| 650 | 189 | 12 Pane a 15 
| aor | 113 | 4 54 50 33 30 
Yai a <0.2 | 102 98 43 15 
| 200 | 65 31 15 
| 20 9.6 1 50 43 Se. 15 | 
| | 20 | 10.2 < 0.3 53 50 55 | 15 
100 50 1.6 | 52 48 534 15 
| 200 | 100 | 29 | 32 Bid 
| 0.5 


58 54 


phosphate. Mepyramine maleate was used to identify histamine in the 
urinary samples. The samples were diluted from 5 to 50 times, avoiding 
thereby the effects of urinary components that influence the contractions 
of the gut. 


Results. 


The excretion of histamine has been studied after 14 infusions 
using 4 hens. The main results are given in Table I. All histamine 
values are expressed in terms of free base. In each case a considerable 
part of the histamine infused is excreted into the ureter on the side 
of the injection, but the amounts excreted on the contralateral side 
are very small. The excretion of phenol red follows the same pattern. 
The inulin excretion is in each case fairly equally divided between the 
two kidneys. In no case the difference between the amounts excreted 
exceeds 12 per cent. 

The excess excretion of histamine comes to an end very rapidly. 
After the second infusion into hen no. 2 the urine was collected in 
three five minutes periods and one fifteen minute period. About 98 per 
cent of the total excess excreted on the side of injection appeared in 
the first ten minutes. 


j 
| 
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Discussion. 


The principle of the experimental set-up used in the chicken experi- 
ment has previously been discussed by SPERBER (1948). It was con- 
cluded that an excess on the injected side higher than 10 per cent of 
the injected dose indicates tubular excretion. 

The values found for histamine excretion in the presented experi- 
ments are in all cases above this value. That the excess is not due to 
an increased filtration on the injected side is obvious from the enor- 
mous difference between the histamine excretion by the two kidneys. 
Further evidence on this point is given by the equality of the simul- 
taneous inulin excretion. In every case the histamine excess is about 
as large as the simultaneous phenol red excess. As phenol red is well 
known to be efficiently excreted by the tubules the evidence for tubular 
excretion of histamine is very strong. 

No experiments have as yet been made to determine the possible 
influence of the urine pH on the tubular excretion of histamine. 

Even fairly closely related animals show considerable differences 
with regard to the tubular excretion of a few substances but on the 
whole the mechanisms for tubular excretion seem to be surprisingly 
similar among all vertebrates examined. In view of these considera- 
tions it is especially interesting that histamine in the hen can be 
excreted by the tubules. 


Summary. 


The renal tubular excretion of injected histamine has been investi- 
gated according to a method which takes advantage of the renal 
portal circulation in the bird. It was found that in the hen histamine 
is effectively excreted by the tubules to an extent comparable with 
the secretion of phenol red. 
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On the Permeability of Guinea Pig Placenta 
for Thyroxine. 
By 
Leo Hirvonen and Harry Lybeck. 


Received 8 November 1955. 


Clinical observations have made it evident that there is placental 
transmission of thyroid hormone (MAYER 1929, Braip 1951). The 
results of most experimental studies on the permeability of the placenta 
for thyroid hormone and thyroxine are along similar lines. GRUM- 
BRECHT and LOESER (1938) noted the same histological changes in both 
the foetal and the maternal thyroids after administration of thyroxine 
to mother animals during four days. On the basis of their observations 
they concluded that thyroxine permeates the placenta. Many other 
authors have reached similar conclusions from their studies. According 
to PETERSON and YOUNG (1952), the hyperplasia of the foetal guinea 
pig thyroid produced by administering propylthiouracil during preg- 
nancy can be counteracted by simultaneous administration of thy- 
roxine. COURRIER and ARON (1929) on the other hand did not observe 
any hormonal influence in the foetuses of the dog and guinea pig fed 
with fresh cattle and pig thyroid gland. 

All the authors referred to above have used indirect methods 
requiring prolonged observation time. With thyroxine labeled with 
radioactive atoms it is possible to study the permeability conditions 


| of the placenta directly and within a short time of the administration 


of the substance. 


2—553010. Acta phys. Scandinav. Vol. 36. 
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Jouiot et al. (1944) announced in a short communication that iodine 
permeates the placenta of the rabbit in the middle of pregnancy more ~ 
easily than radiothyroxine. 

The purpose of this study was to investigate the permeability of the 
the placenta of guinea pigs in later pregnancy for thyroxine, partic- 
ularly in the mother to foetus direction. The investigation into the 
permeability of thyroxine from the foetus to the mother animal is | 
proceeding. 

Methods. 


Twelve pregnant guinea pigs with 29 foetuses weighing from 30 to 103 g ser- 
ved as the experimental animals. Five of them were used as controls receiving 
1 cc of a solution containing 0.05 micrograms of sodium iodide per cubic 
centimeter labeled with 10 microcuries of I'*1. The radioactive thyroxine | 
labeled with was freshly prepared and identi‘zed chromatographically | 
(LyBeck 1954). The radiothyroxine was made up in M/50 Na,CO, and the 
activity of the dose ranged from 5—15 microcuries. The radioactive sub- 
stances were injected subcutaneously in the nape of the neck. After a time 
interval of about 3 to 41/, hr. from the administration of the radioactive | 
material the animals were anaesthetized with an intraperitoneal Nembutal 
injection and the foetuses were removed from the uterus. 

The following liquid samples were taken, prepared and counted: amniotic © 
fluid, foetal blood from the umbilical cord, maternal blood by heart punc- | 
ture and maternal bile. A portion of the liver was taken both from the 
mother animal and the foetuses. The liver samples were dried; the sub- 
stance was pulverized, weighed and counted. : 

The counting equipment used consisted of an automatic sample changer | 
for G—M tubes, electronic scale of 8, counter and mechanical registers. ; | 

The counting error due to the resolving time of the tube was negligible | | 
at a counting rate of less than 1000 counts per minute, the highest counting © ‘| 
rate employed in this study. 


Results. 


The results of the experiments with radioactive thyroxine are seen i 
in Table I. In the blood samples of all the mother animals radio- | 
activity could be observed between 3 to 4 '/, hr. after the administra- | pi 
tion of radioactive thyroxine. The radioactivity of the bile namie § Wi 
was about five times higher than that of the blood samples. As for the | i 
radioactivity of the foetal blood samples, in two cases out of seven | im 
there was no radioactivity at all. In the other five experiments the f sh 
radioactivity of foetal blood was very low compared with that of ; mi 
the blood of the mother animal. In only four of the fifteen amniotic | ac 
fluid samples could a very slight radioactivity be demonstrated. a the 


4 
3 


at iodine 


cy more | 


ty of the 


2, partic- 
into the 
nimal is 


103 g ser- 
receiving 
per cubic 
thyroxine 
raphically 
, and the 
sub- 
er a time 


idioactive 


Nembutal 


amniotic | 


art punc- 
from the 
the sub- 


e changer 
gisters. 
negligible 


counting © 


are seen | 
Is radio- | 


ministra- 

samples 
\s for the 
of seven 
ients the 
that of 
amniotic 
ited. 


GUINEA PIG PLACENTA AND THYROXINE. 


Table I. 


Experiments with Radioactive Thyroxine. 


Mother Animal Foetuses 
Radioactivity Radioactivity 
Time (counts per minute) (counts per minute) 
Inter- |Weight ,. Weight 0.25 
No. | No. »25CC 
val | (8) 0.2s0¢ (8) 0.25¢c | Amni- 
Chr.) | Blood Bile | Blood | otic | 
Liver ; Liver 
| Fluid 
I 65 6 6 0 
I 3 980 | 216 1006 80 2 65 10 0 0 
| 3 0 0 


60 |; 10 


l 
24 3) 1688 120 | 640 140 2 35 | 44 0 0 
| 3 |} (aver.)|(comb.) 


| 80 0 0 0 


3 3%/,| 800 96 | 776 | 152 | 5 77 
37 32 8 0 
14] 4 900 | 184 | 656 | 8012) 37 16 0 0 
| 3 | 40 = 0 

| 1 67 20 0 0 

5 | 4 | 920 | 192 |/1016 | 63 12 0 0 

| 3 | 65 12 0 0 
| 1 78 16 16 

4 | 760 | 72 | 440 8 + 
| 7| 4%,| 890 | 112 | 360; 140 | | 80 


| | | | 77 | 0 0 0 


Table II shows that radioactive iodine in similar test conditions 
passes through the placenta easily. The radioactivity of the foetal blood 
was in four cases out of five higher than that of the blood of the 
mother animal. The radioactivity of the amniotic fluid was approxi- 
mately equal to the radioactivity of the foetal blood. The liver samples 
showed the same tendency as the blood samples; radioactivity was 
much higher in the foetuses. Contrary to the experiments with radio- 
active thyroxine, the bile showed nearly the same radioactivity as 
the blood in the mother animals. 
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Table II. 


Experiments with Radioactive Iodine (I'**). 


Mother Animal Foetuses 
Radioactivity Radioactivity 
Ti | | (counts per minute) _(ounts Is per minute) 
|No | No. | 25CC | 
| val | (g) |o, 25cc 25¢C | | 10 mg | (8) |0.25cc| | Amni- | 
| (hr.) | | Blood | Bile | | Blood otic | 
iver | Liver 
Ba | | | | 1 | 30 | 293 | 207 | 190 
1 | 3 | 70 | 382 | 3c | 85 | 32 | 306 | — | 206 
| | | | 35 | 263 | 310 | 185 
| | 43 | 360 | 304 | 201 
| | | | 11 | 48 | 112 | 208 | 188 
| | 2 42 | 80 | 256 | 410 
| 47 | 120 | 184 | 75 
4| 4 | 760 | 472 384 | 126 1 35 | 536 | — 213 
1 103 176 160 | 76 
5 4 | 830 120 96 62 | 92 | 160 | 144 a 


Discussion. 


The results of the present study show that after a time interval off 


from 3 to 41/, hr. following subcutaneous injection of a pregnant 


guinea pig, radiothyroxine was not certainly traceable in the foetal) 
circulation. Radioiodine on the other hand, occurred richly both inj 


the mother animal and in the foetuses during the same time. 


That thyroxine circulates during this interval in the maternal blood 


stream is beyond doubt. Additional proof of this was that the radio- 


activity of the bile compared with that of the maternal blood was| 


fivefold. This could be expected with thyroxine on the basis off 


earlier investigations (Gross and LEBLOND 1947, KEATING and ALBERT) 


1953, ROCHE et al. 1954). 


Indirect experiments of GRUMBRECHT and LOESER (1938), THERESA 


(1939), CUNNINGHAM (1941) and PETERSON and YOUNG (1952) seem 
to have established the placental transfer of thyroid hormone. The 
onset of thyroxine action is slow and therefore it is difficult to 
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draw reliable conclusions from the permeability of the placenta to 
thyroxine on the basis of the biological effect in the foetus. This 
applies especially in the first hours after the administration of thyroxine 
to the mother animal. 

The present direct experiment with radiothyroxine indicates that 
the possible selective action of the placenta in holding back certain 
substances while permitting others to pass also applies to thyroxine. 

The thyroxine secreted by the thyroid gland is bound to plasma 
protein in the blood stream (GORDON et a/. and WINZLER and NoTRICA 
1952, LARSON et al. 1954). If the injected exogenous thyroxine reacts 
in a similar manner it appears that the placenta is hardly permeable 
or is impermeable to this thyroxine-plasma protein complex. In any 
case, if the thyroxine later passes through the “‘placenta barrier” the 
mechanism of this transmission is more complicated than that of 
inorganic iodine. 


Summary. 


The permeability of the guinea pig placenta to I'!-labeled thyroxine 
and inorganic [11 has been studied. The pertinent foetal and maternal 
samples were taken 3 to 41/, hr. after the administration of the 
radioactive compounds in question. The result goes to prove that 
thyroxine does not permeate the placenta in the first hours after its 
aiministration. Under similar test conditions more radioactivity was 
Ovserved in the foetuses than in the mother animal after injection of 
inorganic 
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Accelerated Rate in Isolated Auricle 
of Rat Treated with Triiodothyronine and 
its Azo Derivates. 

By 
Leo Hirvonen and Harry Lybeck. 


Received 8 November 1955. 


Thyroid hormone, thyroxine and thyrotrope hormone have a 
positively chronotropic effect on the isolated spontaneously beating 
mammalian auricle if administered to the test animals in the course 
of some days before the experiment (LEwis and MCEACHERN 1931, 
FERRANNINI 1936, HIRVONEN and JALAviISTO 1954). The discovery of 


_ triiodothyronine by Gross and Pitt-Rivers (1952) has thrown light 


upon the metabolism of thyroxine in the peripheral tissues. Triiodo- 


F thyronine has been shown to be more active biologically than thy- 


roxine (GEMMILL, Gross & PitT-Rivers, LERMAN, and TOMICH and 
Woo_LeT 1953, BLACKBURN et a/. 1954). It is suggested by Gross and 
Pitt-Rivers (1953) that triiodothyronine may be the active form of 
thyroid hormone in the tissues and that thyroxine is its precursor. 
Through diazoreaction, it is possible to prepare triiodothyronine 
derivates from thyroxine (LYBECK and BaRAC 1952). 

Observations on the biological action of triiodothyronine suggest 
that it ought to have a positively chronotropic effect on the isolated rat 
auricle similar to that of thyroxine. In addition, the aim of this study 
is to show if 3’-(I-azo-4-arsenopheny]l)-3:5:5’-triiodothyronine and 


| 
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3'-(I-azo-4-sulfophenyl)-3: 5: 5’-triiodothyronine are biologically ac- 
tive, i.e. if isolated auricles of animals treated with these compounds 
have an accelerated rate of beat. 


Methods. 


Forty-two female albino rats with an average weight of 164 g were used 
as the experimental animals. The rats were divided into six groups of seven 


animals. One group served as the control. The remaining groups were in- © 
jected subcutaneously on three successive days with one of the following — 
substances (1 mg daily): 1) dl-thyroxine, 2) 1-thyroxine, 3) 3:5:3’-triiodo- 
l-thyronine, 4) 3’-(I-azo-4-arsenophenyl)-3: 5: 5’-triiodothyronine, and 5) 


3’-(I-azo-4-sulfophenyl)-3: 5: 5’-triiodothyronine. Twenty-four hours after 


the last injection the animal was stunned with a blow. The auricle was | 
isolated according to the technic published elsewhere (HIRVONEN 1955). © 
The rate of beat was determined with a piezo-electrical recording system © 


within a temperature range of 23—41° C at intervals of 2° C. The observa- 


tions were performed during both rising and falling temperatures. The 7 


temperature was changed at a speed of 1° C per 1—2 minutes. The thermo- 
meter was in the isolation chamber, at a distance of about 5— 8 mm from the 


preparation. The gas, forced through alkaline Locke’s solution (pH 8.2), | 


was pure oxygen. 
Results. 


Fig. 1 shows the mean of the rate of beat at different temperatures | 
after the administration of various substances and for the control | 
rats. The curve of the control group lies below the other curves. 
There was no essential difference between the rates in the dl-thyroxine, ’ 


l-thyroxine and |-triiodothyronine groups. The rate of the 1-triiodo- 
thyronine group was faster than that of azo-arsenophenyl-triiodo- E 
thyronine group. The difference is statistically significant. The rate’ 
in the azo-sulfophenyl-triiodothyronine group is also higher than in} 
the control group, but the difference is not significant at all tempera- | 
tures studied. The rates and the differences from the control group at/ 
temperatures of 27° and 37° C are given in Table I. At other tempera-| 
tures the situation was similar. Therefore only the figures for the/ 
above-mentioned temperatures are given. 

Fig. 1 shows, moreover, that the rate curves are not quite parallel. | 
The higher the temperature, the greater generally was the difference | 
between the rate in the test groups and the control group. In spite of 
this the relative acceleration (per cent) of rate was higher when the 
temperature was low. As Fig. 2 indicates, the relative acceleration 
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Fig. 1. Rate of beat at various temperatures. Key to the curves: control 
group, dl-thyroxine, — — — |-thyroxine, — - — - — I-triiodothyronine, 
azo-arsenophenyl-triiodothyronine, and —--—-+— azo-sulfophenyl- 
triiodothyronine. 


diminished clearly when the temperature rose to 33° C. Above this 
temperature there was only a slight decrease. Near the body tempera- 
ture of the rat there was a temperature range where the curve was 
nearly horizontal. 
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Table I. 
Rate of beat at 27° and 37° C. 


Aver- 27°C | 37°C 
Group of Rats Rate (Difference) Rate Difference 
Weight 
(per from | (per from 


(s) minute) | Control | minute) | Control 


161 140 + 8 369+ 7 
di-Thyroxine............ 168 | 20147 | 61411 | 4434+ 744411 

| I-Thyroxine............. 169 | 188+8 | 48+11 458+ 89411 | § 
| 1-Triiodothyronine....... 163 | 218+5 | 78+ 9/4734 7/|104+ 10 | 
Azo-arsenopheny!l- | 
triiodothyronine....... 181 | 185+ 8 | 45+ 11 | 4354 10; 66+ 12 | 
Azo-sulfophenyl- | i 
triiodothyronine....... 159 | 168 +5 | 288+ 9/3914 8| 22411 | | 

Discussion. 


It is evident from the present tests that triiodothyronine has a 
similar effect to thyroxine on the rate of beat of the isolated rat | 
auricle. This is in agreement with observations of the heart rate | 
in situ (BARTLETT et al. 1954). Because only one dosage, 1 mg daily 
on three successive days, was used, nothing can be said concerning 
the quantitative difference in their biological activity. This dosage 
apparently results in maximum acceleration of the rate. The azo- 
derivates of triiodothyronine seem to be weaker but not lacking in | 
biological action. There was only a slight difference between the rates | 
in the thyroxine and azo-arsenophenyl-triiodothyronine groups. The | 
effect of azo-sulfophenyl-triiodothyronine was very weak. Several | 
compounds closely related chemically to thyroxine show weakened | 
or no biological activity (HARROW and MAzur 1954). Triiodo- | 
thyronine is the only exception. It was interesting therefore to esta- 
blish that the azo-arsenophenyl and probably the azo-sulfophenyl 
groups do not eliminate the biological activity of triiodothyronine. 

It is possible that the substitution group must first be removed before | 
the onset of the action. The solubility of azo-compounds, especially of _ + 
azo-sulfophenyl-triiodothyronine, is much lower than that of triiodo- i 
thyronine. This characteristic may have something to do with its 
weak biological action. LyBECK ef al. (1954) have established that 
azo-sulfophenyl-triiodothyronine penetrates erythrocytes more slowly 
than thyroxine and triiodothyronine. 
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Fig. 2. Relative increase in rate (per cent). Legend as in Fig. 1. 


Summary. 


azo-arsenopheny!l- 


triiodothyronine and azo-sulfophenyl-triiodothyronine was deter- 
mined on the basis of their positively chronotropic effect on the 
isolated spontaneously beating rat auricle after a three days treatment 
of the animals with the substances in question. It is evident that 
triiodothyronine has an accelerating effect on the rate of beat similar 
to that of thyroxine. An effect of the same kind but weaker, could 
also be demonstrated with the azo-compounds. 
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In hypothyreosis the capacity of the heart to perform work is often 
diminished (CAMPBELL and CONYBEARE 1947). One of the important 
characteristics of the hypothyroid heart is a slow rate. The hypothy- 
roid heart has special properties also in the isolated state. The metab- 
olism is decreased. It has been established that the use of glucose is 
reduced (AMBRUS 1929). According to SCHERMANN (1927), the isolated 
hearts of thyroidectomized dogs are much less sensitive to epine- 
phrine than the normal heart. KRUTA and VELICKY (1939) isolated an 
auricular strip of the guinea pig heart from three to six weeks after 
thyroidectomy. By artificial stimulation to various rates they found 
no qualitative differences from normal in the amplitude and duration 
of contraction as a function of stimulation rate or of temperature. 
No quantitative differences of amplitude could be established either. 
The optimum stimulation rate at various temperatures was about the 
same as usual but the duration of contraction was definitely prolonged. 

It may be of interest to observe the mechanical phenomena at 
various temperatures in a spontaneously beating auricular preparation 
which is isolated from a hypothyroid animal. This involves the 
recording of contraction force and duration of contraction in condi- 
tions where the rate is allowed to change freely with alterations of 
temperature. 
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Methods. 


Thirty-five female albino rats served as the experimental animals. Seven- 
teen of them were treated with radioactive iodine (I'*") in order to cause 
hypothyreosis. Nine rats (average weight 172 +- 5 g) were used as normal 
controls, and to nine animals (172 + 7 g) dl-thyroxine was administered 
subcutaneously on three successive days before the test. The daily thyroxine 
dose was 1.5 mg. Eight of the hypothyroid rats were used in preliminary 
test series. They received 300 wc of radioactive iodine from 45 to 52 days 
before the test, as suggested by the experiments of MALooF et al. (1952). The 
effect of radioactivity was verified by histological samples from the thyroid 
gland. These results are reported in another paper (HARTIALA and HIRVONEN 
1956). The average weight of this group immediately before the test was 
191 + 6 g; before the injection of iodine it was 22 g less. The symptoms of 


hypothyreosis were not very conspicuous. In the case of nine rats the iodine | 


dose was 400 wc, given 59 to 62 days before the test. In this group not only 
the rate of the heart beat but also the symtoms of lack of thyroid activity 
such as sluggish motility and dry skin were extraordinarily clear. The average 
weight before sacrificing was 169 + 4 g, having been 14 g less two months 
earlier. The technic used in isolation of the auricle and the recording 
system for isometrical contractions consisting of a piezoelectrical crystal 
and a “Triplex” electrocardiograph was described in a previous paper 
(HirVONEN 1955). A constant stretch of 3 mm in addition to the stretch 


caused by an isotonic recording lever with its own weight (240 mg) was | 
maintained in all recordings. The tracings were made both in raising and | 
dropping the temperature. The speed of the changes in temperature was | 
about 1.5° C per minute. To stabilise activity there was a pause of | to | 


2 1/, hr between the isolation of the auricle and the start of an experiment. 
The gas flowing through Locke’s solution was pure oxygen. In the statistical 
treatment of the results Fechner’s formula (BONsDORFF) was used. 


Results. 


The rate of beat at various temperatures is seen in Figure |. The 
curves are based on the figures of cycle length which are presented 
in Table 2. There was a definite difference between the rates in the 
various groups of auricular preparations. The mean rate of the 


auricles of the rats which received 400 yc I'3! was a little more than | 


a half of the mean rate in the normal controls and about a half of the 
rate in the hyperthyroid preparations. The rate curve of the auricles 
of the rats treated with 300 yc I'*! lies between the curves of the 
control and the 400 wc groups. The form of all the rate curves is the 
same. The rate of beat was neither a linear nor a single logarithmic 
function of the temperature. 
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Fig. 1. Rate of beat as function of temperature. 
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Contraction force (arbitrary unit) 


Table I. 


Hypothyroid 


| ~—_ (400 yc 1252) | Control Thyroxinized 
25 2.54 + 0.31 9.00 + 0.60 5.88 + 0.64 
| 29 | 3.15 + 0.37 7.83 + 0.47 5.04 + 0.44 
33 | 3.20 + 0.35 | 5.90 + 0.37 3.41 + 0.27 
37 3.25 + 0.35 | 3.90 + 0.28 2.44 + 0.20 
41 | 2.95 + 0.21 | 2.76 + 0.19 1.82 + 0.16 | 


The contraction force is shown in Table I. The higher the tempera- 


ture the weaker the contraction force of both normal and thyroxinized 


preparations. At 41° C the force of contraction was only about one 


third of its value at 25° C. The situation was quite unlike that in the | 


case of hypothyroid auricles. The contractions remained practically 
unchanged in force within the temperature range 25° to 41° C. The 
impulse of a single contraction, however, diminished with rising tem- 
perature as the duration of the contraction shortened. At 25° C the 
contraction force of the hypothyroid auricles of the 400 uc group was 
only one third of that of the control preparations. At 41° C there was | 
no difference. The figures for the contraction force of the auricles of 
rats treated with 300 uc I'*! do not appear in Table I because these 
auricles were investigated with another crystal than was used for all 
the other preparations and the tracings of the contraction force are 
not comparable with those of the other preparations. In this group 
the contraction force diminished with rising temperature, but less} 
than in the control auricles. At 41° C it was about 40 per cent weaker 


Fig 


than at 25° C. The contractions of the hyperthyroid auricles were less} 
vigorous than those of the controls at all observed temperatures. At/ 
the highest temperatures the contraction force of the hypothyroid | 
auricles exceeded that of hyperthyroid preparations. 

The mechanical output expressed as a product of contraction} 
force and rate of beat showed interesting differences in various pre- 
parations (Fig. 2). In normal and thyroxinized auricles this product 
did not show any marked tendency to deviate from its average level.) 
The product of contraction force and rate of the hypothyroid auricles, 
on the contrary, increased distinctly with elevation of temperature. 
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Fig. 2. Mechanical output expressed as a product of contraction force and rate 
of beat at various temperatures. 


The mechanical output curve of the hypothyroid preparations 
followed the rate curve and remained below the output curves of 
the normal and hyperthyroid preparations at all temperatures. 
Duration of contraction. Only the contraction period has been 
measured because it is independent of the force of contraction. As 
was seen in Table II, this was much longer in hypothyroid auricles 
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Table II. 


Cycle length and duration of contraction period. 


Hypothyroid (400 uc | Control Thyroxinized 
Contraction Contraction Contraction 
C}| Cycle _ Period | Cycle Period Cycle | Period 
| Length ——| Length Length 
| (msec) : ly of | (msec) 1° of | (msec) | 1% of 
| Cycle msec | Cycle | | Cyceh 
| | | 
| 25 | 813 + 18| 75 + 1.5 | 9.2 | 440 + 20 49 +1.2| 12.3|368 + 11 | 46+0.9| 125 
| $43 17) 58 1.0 | 10.7 |296 + 10 | 37-4 1.3 12.5 | 269 + 7| 3541.1 | 132 
| 33 | 363 +12) 4441.1 12.1}220+ 7); 28+0.8| 12.7;}183 + 4] 2640.4} 14) 
37 | 258+ 3441.2] 12.7/165+ 2440.6) 14.5) 132 2140.3 153 
|203 + 7| 25+0.4 12.3}123+ 2] 204+0.3| 16.3}102+ 2] 16+0.3 | 16.0 


than in the normal and thyroxinized ones. In all the preparation 
groups the contraction period shortened when the temperature rose. 
At the same time the ratio of the contraction period to cycle length 
showed a slight tendency to increase. Figure 3 shows the duration of 
the contraction period as a function of the rate. It appears that the 
differences in the duration of contraction were results of changes in 
the rate. 


Discussion. 


The excess or lack of thyroid activity influences not only the rate 
of heart beat but also other properties of the heart muscle. In the 
present experiments the rate of hypothyroid auricular preparations 
at a certain temperature was even as slow as the rate of the normal 
controls at a from 6° to 7° C lower temperature. In this case the 
secretion of thyroid hormone was obviously completely eliminated 
by the radioactivity of I1'*!. Hypothyrosis and thyroxinization did 
not cause any qualitative change in the relationship of the rate to 
temperature. The rate of beat in the rat auricle was neither a linear 
nor a simple logarithmic function of temperature. This is in agreement 
with the rabbit auricle (CLARK 1920 and HIRVONEN 1955) but contrary 
to the hamster auricle (HIRVONEN 1956). 

The changes of contraction force at various temperatures are of a 
special interest. The absence of thyroid hormone resulted in a practi- 
cally constant contraction force in the temperature range 25° to 41° C. 
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Fig. 3. 
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Fig. 3. Duration of contraction period as function of rate; 7 hypothyroid, 
O control and [[] thyroxinized auricles. 


The ability of heart muscle to increase the contraction force when the 
temperature falls seems to depend on the action of thyroid hormone. 
Thyroid hormone makes possible a constancy of mechanical output 
over a wide temperature range. According to KNOWLTON and STAR- 
LING (1912), the output of the isolated normal mammalian heart is 
independent of temperature within wide limits. However, isolated 
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hearts and heart muscle preparations have their optimum temperature 
or temperature range near the body temperature but telow it (LAN- [ 
GENDORFF 1897, KRUTA 1938 and HIRVONEN 1955). At a low tem-) A 
perature the retardation of rate is compensated by an increase inf B 

C 


contraction force and at a high temperature vice versa. In hypo- \ 


thyroid preparations the mechanical output expressed as a product 
of contraction force and rate of beat diminished continually when H 
the temperature fell. In hypothyrosis the body temperature is sub- 

Hi 


normal. However, the energy requirements of the body in hypo- | 
thyroid state are so diminished that the heart is usually able to satisfy |) ~ 
them adequately (CAMPBELL and CONYBEARE). ' Ki 
The duration of the contraction period of hypothyroid auricles asa/ x; 
function of temperature was prolonged. This is in agreement with’ — 
observations on artificially stimulated auricular preparations (KRuTA} LA 
and VELICKY 1939). However, there is no change in the duration of | 
contraction as a function of rate either in hypothyroid or thyroxinized Sc 
auricles, which has also been established from rat auricles treated } 
with thyroid hormone (HIRVONEN and JALAvistTo 1954). In all the| 
preparations there was a slight tendency for the ratio of contraction | 
period to cycle length to increase with rising temperature. This/ 
phenomenon was not quite so prominent as in the isolated hedgehog | 
auricle (HIRVONEN 1956). In the rabbit auricle this ratio was constant | 
(HIRVONEN 1955). 


Summary. 


The mechanogram of isolated spontaneously beating auricle of 
hypothyroid (treated with I**1), normal and thyroxinized rats was 
recorded at 4° C intervals over a temperature range of 25° to 41°C. 

The rate of beat in various preparations showed no qualitative 
differences as a function of temperature. 

The ability of heart muscle to increase the contraction force with 
falling temperature seems to presuppose the presence of thyroid 
action. Therefore the mechanical output of hypothyroid auricles) 
was powerfully depressed by lowering the temperature. 

The weaker the thyroid activity, the longer the duration of the) 
contraction period at a certain temperature. As a function of rate, the 
duration of contraction was independent of thyroid action. 
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The heart of a cold-blooded animal is able to beat at temperature 
close to 0° C (CyYon 1866, GRoDZINSKI 1954). In warm-blooded 
animals subjected to hypothermia the heart stops at a much higher 


temperature. According to Lutz (1948), in the guinea pig heart the) 
rhythmicity disappears at 16° and the irritability at 13° C. The lethalf 
temperature for a dog is in approximately the same range (HATERIU) 


and MAISON 1948, HEGNAUER et al. 1951), and very slow pulse rates 
have been observed in hypothermia tests under extreme conditions 
Scott and REED (1951), by cooling and warming the sino-auricular 
node of the cat and the dog, observed that the nodal rhythm usually 
appeared at temperatures between 18° and 22° C. 

The tolerance of infant rats to low temperatures is much higher. 
In FAIRFIELD’s (1948) experiments the heart beat disappeared when 


the body temperatures reached between 9° and 3.5° C. He concluded 
from the low lethal temperatures that the newborn rat should bf 
classified as a temporary poikilotherm. The observations of WARE 
et al. (1947) are in agreement with this: according to them, rats 
of 80 to 600 days of age recover from body temperatures as low) 
as 15°C. 

The body temperature of hibernating mammals in hibernation 
may fall as low as +2° to —0.5° C (ADLER 1926, SUOMALAINEN 19339), 
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the heart beating at a very slow rate. LANGENDORFF (1897) established 
that an isolated mammalian heart may continue to beat at between 
6° and 7° C. He points out the especial interest of the ability of the 
heart to beat at low temperatures for studies of hibernating mammals. 
The temperature minimum at which the isolated auricular prepara- 
tion of a non-hibernating mammal ceases to beat has been investigated 
by REINBERG (1952) and MARSHALL and WILLIAMS (1955) with rabbit 
and by GARREY and TOWNSEND (1948) with a human embryo. In the 
present study both the lower and the upper temperature limit and 
certain mechanical events at different temperatures in the spontaneous 
activity of the auricular preparation of hibernating mammals are 
considered. 


Methods. 


Three hedgehogs* and four golden hamsters represented hibernating 
animals. Besides this, seven rabbits and thirty rats were used for comparison. 
The isolation of the right auricle, its manipulation in the isolation chamber, 
the composition of Locke’s solution and the recording apparatus were 
as published in a previous paper (HIRVONEN 1955). The experiments on the 
hedgehog auricles were performed in November. One of the animals was 
awake, one in natural hibernation (body temperature 11.5° C) and one had 
hibernated after being placed in a refrigerator (body temperature 10° C). 
The hamsters were sacrificed in the middle of the summer. The time interval 
during which the temperature was dropped from 37° C to the temperature 
at which the contractions disappeared varied from 15 minutes to four hours 
(average about one hour). A high speed drop in temperature often favoured 
a sudden cessation:of contractions at a higher temperature than could be 
reached less rapidly. However, in some cases the short time interval was 
not an indication of too high a speed. Less time was needed to reach the 
lower temperature limit of e. g. 20° than 10° C. Ten of the 30 rat auricles 
were from normal adult albino rats and 20 from hyperthyroid animals 
(three days treatment with thyroxine or triiodothyronine). In the case of 
hedgehog auricles the isometric mechanogram with a constant stretch was 
recorded at temperatures from 10° to 35° C at intervals of 5° C. The rate 
of the hamster auricles was recorded with an isotonic lever on smoked 
paper. The temperature of the heat standstill was determined in all the 
hedgehog and hamster auricles and in 18 rat auricles. In these experiments 
the temperature was continuously raised at an average speed of 0.5° C per 
minute until the contractions stopped. Both temperature limits were re- 
corded isotonically. 


* It is a pleasure to acknowledge my indebtedness to Professor PAAVO SUOMA- 
LAINEN, Ph. D., Head of the Physiological Department of the Zoological Institute, 
University of Helsinki, for placing the hedgehogs at my disposal. 
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Results. 


The lower temperature limit of the spontaneous contractions of the | 
auricles of the different species is seen in Figure 1. The beats of the | 
hedgehog and hamster auricles disappeared in the range 1.5° to 6° C. 
The average temperature for the rabbit auricles was 18° C. There were 
no great deviations from the mean in the series of any of these three 
animal species. The temperatures at which the rat auricles stopped 
were not equally homogenous. The !owest temperature at which one | 
rat auricle continued to beat was 8° C; this was the only case below © 
10° C. The mean temperature for rat auricles was 16.2° C. In seven | 
out of ten cases the rat auricle stopped at 13° to 20°C. There was | 
no significant difference between the auricles of euthyroid and hyper- | 
thyroid rats. “he corresponding mean temperatures were 15.5° and | 
16.6° C. The standstill caused by cold was reversible in all cases. 

Heat standstill. The hedgehog auricles stopped beating at 37.2°,f 
39° and 40°C. This was a much lower temperature than for the F 
hamster and rat auricles. The rhythm was regular up to the highest | 
temperature and the standstill was reversible. The hamster auricles | 
ceased to contract at 46.5°, 47°, 48° and 48°C (average 47.4° C). ' 
At 45.6° (mean value from 44.5°, 45.5°, 46° and 46.5°) irregularities | 
occurred in the rate. The standstill of the hamster auricle at 46.5° to é 
48° C was irreversible. The mean temperature of the irreversible heat | 
standstill for 18 rat auricles was 48.7 + 0.1° C. This temperature was : 
easy to determine exactly. In 14 cases it was 48.5° or 49° C. Only one | 
auricle continued to beat up to 50°C. The hyperthyroid auricles } 
behaved like the normal ones. At a temperature of 46.6 + 0.1° C the 
rate of beat became irregular. The temperature of this change in the 
experimental conditions used did not alter more than that of the heat 
standstill. 

Mechanograms at different temperatures. Although the number 
of hedgehogs was small it is worth while analysing in detail the 
isometric mechanogram which was recorded both in raising and in 
dropping the temperature. The results are seen in Table I. The} 
average rate of beat was only 12 per minute at 10°C. It did not rise| 
linearly with the temperature. The higher the temperature the smaller | 
the Q,o. The contraction force (amplitude) fell to one third at 35° from 
its value at 10°C. The ratio of the duration of contraction to the 
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Fig. 1. Temperatures of the standstill caused by cold. 
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Table I. 


Mechanogram observations of the hedgehog auricle 


(arb. unit) | minute) | (sec) Sec Cycle Sec | %of 
10/10.0+0 | 12+ 2)5.22+0.89/0.224 0011) 4240.5 0.38+0.019| 7.34 
15| 7.440.8| 26+ 5/|2.304 0.72/ 0.14 + 0.007 | 6.1 + 1.1] 0.21 + 0.017) 9.1 +] 
20 5.4+0.7| Si+ 9) 1.18 + 0.22 0.10 + 0.004 | $.5 +.1.5 + Goes) 11.0 
25| 5.6+0.5| 86 + 11 |0.70 + 0.07| 0.07 + 0.004 | eee 0.10 + 0.008 | 14.3 +1 
30] 4.3 + 0.5| 131 + 11 [0.46 + 0.04) 0.05 + 0.003 | 10.9 + 0.6 | 0.07 + 0.002 | 15.2 + 
| 35 3.3 + 0.4) 192 + 25/0.31 + 0.05 0.04 + 0.002 | 2 £13 0.05 + 0.002 | 16.1 +! 


cycle length increased with rising temperature. This increase was 
more marked in the contraction period than in the relaxation. 

As for the hamster auricles, only the rate of beat has been recorded. 
The logarithms of these figures as a function of temperature give 
graphically a straight line (Fig. 2). The corresponding curve of the 
hedgehog auricles has not been presented because of the greater 
deviations in the recorded rate values. The width of the temperature 
range in which the spontaneous beating of the hamster auricle was 


possible, or the length of the temperature-rate curve, is noteworthy. 


Discussion. 


There is a definite difference in the lower temperature limit of | 
spontaneous activity between the auricles of hibernating and non- | 
hibernating mammals. In hibernating animals this minimum tem- 
perature seems not to depend on the hibernation. The heart muscle 
of a hibernating animal species is evidently constructed so that its 
rhythmicity does not disappear in isolated state at temperatures 
which are physiological to the total animal in hibernation. Humoral 
or nervous regulations are not essential to maintain auricular activity 
during hibernation. According to Lutz (1948), the cause of heart 
standstill by cooling is the lack of oxygen in the cells. At low tem- } 
peratures there is a disturbance in the permeability of the membranes | 
to oxygen. The metabolism and functions of the respiratory and | 
circulatory system are highly reduced but not extinct. It is a charac- 
teristic of the heart muscle of a hibernating mammal that it can 
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Fig. 2. Rate of beat of the hamster auricles as a function of temperature. Ordinate: 
logarithmic scale. * Single recordings, O means. 


function at a lower oxygen pressure than that of a non-hibernating 
mammal. OsBorRN (1953) has pointed out that although the hiber- 
nating mammal can withstand very low body temperatures without 
distress, these produce severe and often fatal stress in the non-hiber- 
nating mammal. The concentration of blood electrolytes may have 
some significance for the minimum temperature of action. SUOMA- 
LAINEN (1939, 1950) has found that there is little potassium and 
ample magnesium in the hedgehog serum during hibernation; in 
summer, when awake, vice versa. According to REINBERG (1952), the 
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increase in potassium concentration elevates both the lower and 
upper temperature limits for spontaneous activity. Changes in magne- 
sium concentration result in lowering of the temperature limits. He 
used an isolated fish and frog heart and an isolated rabbit auricle in 
his experiments. 

The lower temperature limit for the spontaneous activity of rabbit 
and rat auricles is in agreement with observations from the total heart 
of non-hibernating mammals in hypothermia experiments (HATERIUS 
& MAISON and Lutz 1948, HEGNAUER et al. 1951). In MARSHALL’s 
and WILLIAMS’ (1955) experiments the activity of the isolated rabbit 
auricles ceased at 14° to 20°C and in REINBERG’s (1952) tests at 
21° to 23.5° C. This gives a good point of comparison to the present 
study because the test conditions were not quite similar: e.g. the pH 
of the solution surrounding the preparation in MARSHALL’s and 
WILLIAMS’ tests was 7.4 and in the present experiments 8.2. A hyper- 
thyroid state did not have any effect on the lower or upper tempera- 
ture limit although the rate of beat was greatly influenced by it. 

Rate disturbances of rat and hamster auricles at high temperatures 
indicate that the initiation or spread of impulses is more sensitive 
than the contractility to heat. This was stated by MELTZER and 
MOoNONOBE (1928) in the isolated mammalian heart. In rabbit auricles 
the spread of excitation has been shown electrographically to be 
slower at 37.5° and 40° than at the optimum temperature of 35° C 
(HIRVONEN 1955). The reversible sudden standstill of the hedgehog 
auricle at a relatively low temperature indicates a greater sensitivity 
to heat in the initiation of the excitation in the test conditions used 
than could be established in other species. Nothing can be said, on 
the basis of only three preparations, of the relation of the standstill 
to the hibernation or other possible factors in the animal or test 
conditions. In any case this is not a common phenomenon to hiber- 
nating mammals. The auricle of the hamster stopped at almost an 
equally high temperature as the rat auricle and this was preceded in 
the same way by irregularities in the rate. The heat standstill of the 
isolated mammalian heart in LANGENDORFF’s (1897) experiments was 
observed in the temperature range of approximately 45° to 49° C. He 
pointed out that the recorded temperature as such has no special 
value. The duration of the exposure to heat must also be taken into 
consideration. This must be remembered in comparing the results 
of the present study with other investigations. 
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Species differences appeared in several connections. Both the con- 
traction and the relaxation period of the hedgehog auricle showed a 
relative increase in the cycle length when the temperature rose. In the 
rabbit auricle the ratio of the contraction period to the cycle length 
was practically the same at the various temperatures (25° to 40° C); 
the relative length of the relaxation period was longer at a lower 
temperature (HIRVONEN 1955). The relationship between the loga- 
rithm of the rate and the temperature could be expressed with a 
straight line in the case of the hamster auricle. According to CLARK 
(1920), HIRVONEN (1955) and HIRVONEN & LyYBECK (1956) rabbit and 
rat auricles give differing results. The contraction force of the hedgehog 
auricle decreased with rising temperature relatively less than that of 
the rabbit auricle (HIRVONEN 1955). This resulted in a continually 
increasing product of contraction force and rate when the temperature 
was elevated. The rabbit auricle has an optimum temperature at 
which this product is greatest (REINBERG 1952, HIRVONEN 1955). In 
the rat auricle the ability to increase the contraction force with falling 
temperature depends on the presence of thyroid action as shown by 
HIRVONEN and LyBECK (1956). As a result of this the product of 
contraction force and rate of beat of a hypothyroid rat auricle in- 
creases as the temperature rises. 


Summary and Conclusions. 


The lower and upper temperature limit for the spontaneous me- 
chanical activity of the isolated auricle of hibernating (hedgehog and 
hamster) and non-hibernating (rat and partly rabbit) mammals has 
been determined. Besides this, some observations have been made of 
the mechanogram of hedgehog and hamster auricle at various tem- 
peratures. 

It was found that: 

1) The isolated auricle of a hibernating mammal ceases to beat at a 
temperature (1.5° to 6° C) definitely lower than that of a non-hiber- 
nating mammal (16° to 18° C on average). 

2) Irreversible heat standstill of a hamster and rat auricle was 
observed at about 46.6° C and 48.7° C respectively. This was preceded 
by irregularities in rhythm at about 2° C lower temperature. The 
hedgehog auricle stopped suddenly at about 37° to 40° C. This stand- 
still was reversible. 


46 LEO HIRVONEN. 


3) The rate of the hamster auricle was a linear logarithmic function 
of the temperature, contrary to the case with rabbit and rat auricles; 
this observation indicates species differences. 

4) The ratio duration of contraction to cycle length increased with 
rising temperature in the hedgehog auricle, which differs from the 
rabbit in this respect too. 
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Acetylcholine Splitting Enzymes in Salivary Glands after 
Prolonged Treatment with Pilocarpine and an 
Atropine-Like Substance. 

By 
B. C. R. Strémblad. 


Received 9 November 1955. 


It has been suggested that the sensitization to chemical agents which 
follows section of an efferent nerve is due to a reduction in the activity 
of enzymes normally limiting the effects of these agents. In previous 
papers the effect of denervation on acetylcholine sensitivity and acetyl- 
choline destruction was investigated in the parotid and submaxillary 
glands (STROMBLAD 1955 a, 1955 b). Postganglionic denervation was 
found to cause a greater sensitization to acetylcholine and a greater 
decrease in acetylcholine splitting power than preganglionic denerva- 
tion. It was not possible, however, to attribute the sensitization 
entirely to a decreased enzymic activity and further research seemed 
desirable. 

It has been demonstrated that the denervation supersensitivity of 
the submaxillary gland to adrenaline can be prevented or abolished 
by pilocarpine injections repeated over a period of some days (for 
ref. see EMMELIN 1952). In the present investigation the effect of such 


| treatment on the acetylcholine sensitivity and on the acetylcholine 


splitting activity of the submaxillary gland was studied, the previous 
denervation experiments serving as controls. Since it had been found 
in these investigations that the most pronounced effects of denervation 
had been produced by postganglionic denervation, it was thought to 
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be of particular interest to use the parotid gland which unlike the 
submaxillary gland can be completely postganglionically denervated 
(STROMBLAD 1955 a). 

In cats atropinized for some days a supersensitivity to chemical 
agents develops in the submaxillary gland. This supersensitivity re- 
sembles in all respects investigated that caused by denervation, apart 
from the fact that acetylcholine and pilocarpine can not be tested, 
the gland being atropinized (for ref. see EMMELIN 1952). In the present 
experiments the effect of “atropinization” on the cholinesterase 
activity of the submaxillary gland was investigated, and compared 
with the results of the previous denervation experiments. Instead of 
atropine the drug H6é 9980 (piperidino-aethyl-diphenyl-acetamid 
hydrochloride, Hoechst) was used for “‘atropinization”. This drug is 
a parasympathicolytic agent (SCHAUMANN and LINDNER 1951) and 
causes a supersensitivity of the submaxillary gland (EMMELIN and 
HENRIKSSON 1953). As in the pilocarpine experiments, and for the 


same reason, the investigation was in this case also extended to the | 


parotid gland. 
Methods. 


Twenty-eight cats weighing 2.s—4 kg were used. The chorda tympani 
of one side (preganglionic fibres to the submaxillary gland) and the auriculo- 
temporal nerves of the other side (postganglionic fibres to the parotid gland) 
were cut aseptically in nembutal anaesthesia (30 mg/kg intraperitoneally). 
The acute experiments were in all cases except two, to be described sub- 
sequently, carried out two weeks later, since the supersensitivity is known 
to approach a maximum within this time. In the previous experiments 
serving as controls to those presented here, this time was also chosen for 
studies on acetylcholine sensitivity and acetylcholine inactivation after 
denervation. 

In the experiments with pilocarpine treatment mentioned above it was 
found that a treatment period of less than one week sufficed to bring the 
denervation sensitivity back to the level of a normal gland. In the present 
experiments the animals were therefore treated with pilocarpine injections 
for about a week (6—7 days), starting the treatment one week after the 
denervation. When this series of experiments had been completed it was 
considered desirable to intensify the treatment in an attempt to get more 
conclusive results, and since it was found impossible materially to increase 
the daily doses given, a longer treatment period was chosen instead. In a 
second series of experiments the treatment was thus extended over 8—12 
days, starting the injections earlier than in the first series. The doses of 
pilocarpine hydrochloride given were those recommended by previous 
workers (0.5 mg/kg in the morning and 1 mg/kg in the evening subcuta- 


|_| 

t 
0 
tis 
E 
in 
| ex 
gli 
an 
| 
atr 
| spl 
HA 
bee 
lars 
2.0 
sub 
plyi 
4- 


ike the 
ervated 


hemical 
vity re- 
1, apart 
tested, 
present 
>sterase 
mpared 
tead of 
etamid 
drug is 
1) and 
IN and 
for the 
to the 


rympani 
uriculo- 
1 gland) 
meally). 
ed sub- 
known 
riments 
ysen for 
n after 


» it was 
ring the 
present 
jections 
fter the 
| it was 
>t more 
ncrease 
d. Ina 
r 8—12 
oses of 
revious 
ubcuta- 


ACETYLCHOLINE SPLITTING ENZYMES. 49 


neously) and the acute experiment was as in the other experiments carried 
out 16—20 hours after the last injection. 

Given in doses necessary to influence the sensitization, atropine-like drugs 
are better tolerated than pilocarpine. Treatment with H6 9980* (1 mg of 
H6 9980 hydrochloride subcutaneously once a day) was therefore begun on 
the same day as the operations in the experiments to be described and was 
continued until 16—20 hours before the acute experiment. 

In the acute experiment, carried out under chloralose (about 80 mg/kg 
intravenousiy after preliminary ether anaesthesia), the two submaxillary 
and the two parotid ducts were cannulated, using cannulae which out of 
5 cc of distilled water gave 190—200 drops. First the sensitivity to acetyl- 
choline (in pilocarpine cases only) and adrenaline was tested by injecting 
the drugs intravenously (the standard doses of these drugs were: 0.125; 
0.25; 0.5; 1; 2; 5; 10; 20, and 50 ug/kg). 

The animal was then killed by air embolism and the glands were removed, 
carefully cleaned, washed in saline solution, dried between filter papers, 
weighed and stored at — 20° C until the next day when enzyme estimations 
were carried out. These were made manometrically as described in an 
earlier paper (STROMBLAD 1955 b). Acetylcholine chloride was used as 
substrate. In the experiments of the preceding paper (STROMBLAD 1955 b) 
the enzymic activity was estimated both per total gland and per gram of 
tissue. In these experiments no changes in enzyme concentration were 
observed in the submaxillary gland after denervation, whereas a decrease 
in total amount of enzyme was found. In the present experiments all cal- 
culations have been made for total amount, the enzymic activity being 
expressed as 4] CO, evolved/30 min./gland. 

Comparisons were made between the denervated and the non-denervated 
glands of the treated animals, and between these glands and denervated 
and non-denervated glands of untreated animals reported on in the previous 
publications (STROMBLAD 1955 a and b). 


Results. 
Control experiments. 


It is known that pilocarpine, atropine and substances with an 
atropine-like action may influence the estimation of acetylcholine 
splitting enzymes (for ref. see AUGUSTINSSON 1948, TopRICK 1954, 
HARDEGG, RIEKEN and SCHMALZ 1954). Generally, however, it has 
been stated that the doses necessary to influence the reaction are very 
large. AMMON (1934, 1935 and 1943) e.g. needed doses of | mg in 
2.0cc total volume to get an effect of atropine or pilocarpine. The 
substance H6é 9980 has so far not been investigated. It therefore 


, My thanks are due to the firm Webass Ltd, Gothenburg, for kindly sup- 
plying the drug. 
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seemed necessary to study the effects in vitro of pilocarpine and H6é 
9980 in concentrations that might be reached after injections as 
given to the animals. 

Pilocarpine hydrochloride or H6 9980 hydrochloride in various 
concentrations were tipped into the buffer-acetylcholine mixture from 
a side bulb simultaneously with the addition of the gland extract from 
a second side bulb. The activity in these mixtures was measured at the 
same time as the activity in mixtures of the same composition but 
without pilocarpine or H6 9980. The concentrations used and the 
results obtained can be seen in table I. It is obvious that these drugs 
had no effect on the reaction in the concentrations used. 


Table I. 
Pilocarpine. 
Parotid extracts Submaxillary extracts | 
| mg pilocarpine | mg pilocarpine | ‘ 
| hydrochloride | activity with | hydrochloride with 
| Cat | | pilocarpine/ | Cat : pilocarpine/ | 
| | | in reaction . 
no. fluid activity without | no. | fluid | activity without | | 
| ve =2. pilocarpine VF = 2. pilocarpine 
| 24 | 0.02 0.99 24 0.02 | 1.03 FE 
0.97 | 24 0.2 1.05 
| 26 | 0.2 | 1.00 25 0.002 | 1.03 
| 25 0.2 | 1.04 
H6 9980 
| Parotid extracts | Submaxillary extracts ' 
| mg H6 9980 : | mg H6é 9980 | 
| Cat | hydrochloride | Ca | hydrochloride 
activity without | no. | activity without | 
| 25 0.02 0.96 26 0.002 1.02 F 
25 0.2 0.96 26 0.02 1.02 : 
26 0.2 0.94 | 
27 0.02 1.06 | 
28 0.002 1.00 | 
28 0.004 1.00 
28 | 0.01 1.03 
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The biggest dose of pilocarpine hydrochloride added was 0.2 mg 
to the 60 mg of gland in the reaction mixture. The biggest dose of 
pilocarpine hydrochloride administered during 12 days was 64.8 mg 
to a 3.6 kg cat. Assuming a full accumulation of the drug and an 
even distribution in the body this would give a concentration corre- 
sponding to 1.06 mg in 60 mg tissue. It is no doubt possible that the 
salivary glands may contain pilocarpine in a higher concentration than 
some other tissues; but it is, on the other hand, certain that a very 
great proportion of the pilocarpine injected has been eliminated in 
the course of the treatment. This is, for instance, apparent from the 
fact that at the acute experiments, after treatment with pilocarpine, 
there is no flow of saliva although the gland is found to be sensitive 
to small doses of injected pilocarpine. 

Similar calculations as for pilocarpine concentration in the glands 
can be done for Hé 9980 concentration in the glands. 

No interference with the enzyme estimations by the drugs may thus 
be anticipated. 


A. Treatment with pilocarpine. 
I. Submaxillary glands. 


Sensitivity. The experiments with adrenaline confirmed earlier ob- 
servations showing that pilocarpine treatment abolishes the adrenaline 
supersensitivity of the denervated submaxillary gland. The effects on 
acetylcholine sensitivity, not investigated earlier, can be seen in 
table II. The acetylcholine sensitivity is given as number of drops of 
saliva secreted in response to a moderate dose, 5 mg/kg. Table II 
includes 3 groups: Group I consists of 7 experiments on cats not 
treated with pilocarpine. The results of these experiments were re- 
ported in the previous paper (STROMBLAD 1955 b), but they are given 
here for comparison and because of the fact that earlier the effect of a 
big dose (10 wg/kg) and a small dose (2 wg/kg) only was given. Group II 
was treated with pilocarpine for 6—7 days and group III for 8—12 
days. 

After preganglionic section of the parasympathetic fibres the well 
known supersensitivity to acetylcholine was observed (group I) (mean 
values for number of drops to 5 uwg/kg: 4.36 + 0.873 (7) for dener- 
vated glands and: 2.15 + 0.460 (7) for control glands; P < 0.05). 

When pilocarpine has been administered for the last 6—7 days of 
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Table II. 


Effects of pilocarpine treatment of submaxillary glands. 


Drops of saliva 
Days on 


Cat of | 5 wg/kg Ach. 
no. treat- 


Enzymic 


activity 
CO,/30 


min/gland 


Weight of 


glands 
in gram 


. |Dener-| Con- |Dener-| Con- |Dener-| Con- 


Type of 
experiment 


| vated | trol | vated | trol | vated | trol 
18 | 3%, | 2%, | 695 | 784 | 1.605 | 1.810 | 
19 3 2 553 | 1021 | 0.737 | 1.495 | No pilocarpine 
20 | 4 | 24%, | 610 657 | 0.732 | 1.232 | treatment 
23 wes 24, | 747 | 1326 | 0.772 1.263 | (STRGMBLAD, 
24 | | 1% */, | 290 | 385 | 0.544 | 0.890 | 1955 b). 
25 | | 8 | 4%/, | 790 | 1296 | 1.436 | 1.728 | Cat nos. refer to 
te Gs 723 | 859 | 0.987 | 1.257 | that paper. 
Mean | 4.36 2.15 630 904 | 0.973 | 1.382 | 
1/ 6| *% | *%s | 675 | 1094 | 1.039 | 1.262 | 
2 6 1/, 1, 877 747 | 0.862 | 0.996 | 
not not | | | 
3 6 tested | tested 1146 561 0.860 | 0.990 | Pilocarpine 
4 7 1/, i, 844 697 1.368 | 1.610 | treatment 
5 7 JP 1, 533 565 1.000 | 1.210 | 6—7 days. 
6 7 554 440 0.830 | 0.942 | 
7 628 658 | 0.992 | 1.316 
Mean | 1.09 1.01 vo. 680 | 0.993 | 1.189 
not not 
8 8 605 744 0.756 | 0.875 | 
not not 
9 8 snsted’ | seated 891 696 1.138 | 1.346 | 
10 8 1), 1, 895 860 | 0.814 | 0.860 | Pilocarpine 
11 9 1 1 635 657 0.819 | 0.917 | treatment | 
501 457 | 0.668 | 0.751 | 8—12 days. 
£3.49 11/; 14/, 600 956 1.126 | 1.246 | 
14 | 11 1%/, 14/, 569 890 1,100 | 1.214 | 
Mean | 0.931| 0.944, 797 | 778 | 0.900 | 1.002 | 


the two weeks period (group II) the secretory effect was the same in 
four out of the six pairs of glands studied and in one cat the control 
gland and in one cat the denervated gland gave the biggest secretion. 
The mean values were: 1.09 + 0.492 (6) for denervated glands; 
1.01 + 0.401 (6) for control glands. Thus there is no difference in 
sensitivity between the denervated and the control glands. 
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The same is true for 8—12 days treatment (group III). The secretory 
effect was in five out of the six pairs the same and in one cat the con- 
trol gland gave a bigger secretion. The mean values were: 0.93 + 0.225 
(6) for denervated glands; 0.94 + 0.229 (6) for control glands. 

The difference found between the mean values for the groups of 
denervated (column 3) and control glands (column 4) reveal that there 
is a tendency for pilocarpine treatment to reduce the sensitivity of the 
glands below the level of an untreated gland (difference between mean 
values for control glands (column 4): group I and II: 0.05 < P < 0.1; 
group I and III: P < 0.05; difference between mean values for dener- 
vated glands (column 3): group I and II: P < 0.01, group I and III: 
P < 0.01). 

From the table (column 7 and 8) it may be seen that changes in 
weight caused by the various procedures can not explain the differences 
observed in acetylcholine sensitivity. 

Enzymic activity. The acetylcholine destroying power of the glands 
of the three groups is shown in table II (column 5 and 6). Since the 
two glands of one and the same cat have about the same activity 
(STROMBLAD 1955 b) these two glands were compared. Using this 
method a mean value for denervated/control gland is obtained which 
shows the denervated gland to have an activity amounting to 73.2 + 
6.06 (7) per cent of that of the control gland; the decreace is signifi- 
cant (STROMBLAD 1955 b). 

When similar calculations are made for the two pilocarpine groups 
the following results are obtained. The mean value for enzymic 
activity of the denervated gland is after 6—7 days treatment (group II) 
117.2 + 16.70 (7) per cent and after 8—12 days treatment (group IIT) 
93.2 + 7.97 (8) per cent of that of the control fellow gland. It is obvious 
from these figures that the treatment with pilocarpine has prevented 
or abolished the difference in enzyme activity otherwise found be- 
tween a denervated and a normal gland. 

Fig. 1 summarizes the results of pilocarpine treatment in all the 
15 cats. The lowest horisontal line gives the time of treatment. The 
relation between the acetylcholine sensitivity of the denervated gland 
and the control gland of each cat is shown in per cent as a downward 
column. The dotted line underneath gives the average of this relation 
in the not pilocarpine treated animals (n = 7). The cholinesterase 
activity is, similarly, illustrated as a relation between the denervated 
and the control gland, in per cent, in corresponding upward columns, 
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5 6 7 8 9 10 Wl 12 DAYS OF TREATMENT 


Fig. 1. Submaxillary glands. Effect of treatment with pilocarpine on the secretory 
action of 5 ug/kg of acetylcholine and on acetylcholine splitting enzymes. 
Ordinate: a) upwards: Enzymic activity of denervated gland in per cent of its 

normal contralateral gland. 
b) downwards: Secretory effect of 5 uwg/kg acetylcholine on denervated 
gland in per cent of its normal contralateral gland. 
Abscissa: Number of days of treatment. 
Dotted lines: Mean values of the corresponding values from an earlier not treated 
series. n = number of values in these series. 
All denervations made preganglionically 13—15 days earlier. 


and the upper dotted line gives the average for the non-treated animals 
(n = 7). 


From this figure, as well as from the data given above, it is apparent } 


that the difference in acetylcholine sensitivity and in cholinesterase 
activity found between the denervated and its contralateral sub- 
maxillary gland of the cat is abolished after treatment with pilocarpine 
for 6—12 days. 
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II. Parotid glands. 


Sensitivity. Experiments with adrenaline showed that treatment with 
pilocarpine can diminish the supersensitivity of the postganglionically 
denervated parotid gland. This material will, however, be used for a 
later investigation. For the problem of the present study the estimation 
of the sensitivity to acetylcholine is of more immediate interest. 

Table III gives the results of the pilocarpine experiments on the 
parotid gland, containing the same three groups as table II. From 
the first group (not treated animals) it can be seen that postganglionic 
parasympathetic denervation causes a supersensitivity to 5 ug/kg of 
acetylcholine (mean value for denervated glands: 2.94 + 0.321 (8) 
drops; mean value for ntrol glands: 1.29 + 0.161 (8) drops, 
P < 0.001). In the second group (6—7 days treatment) there are only 
5 animals. The sensitivity of the denervated glands of this group 
(2.18 + 0.570) does not seem to differ from that of the denervated 
glands of the first group. Similarly, there is no difference between the 
control glands of the two groups (mean value ‘for control treated 
glands: 0.92 + 0.271 (5) drops; mean value for control untreated 
glands: 1.29 + 0.161 (8) drops). In the third group (treatment for 
8—12 days) the secretory response of the denervated glands to the 
standard dose is 1.78 + 0.516 (6) drops. The difference between this 
and the corresponding glands of the first group is not significant 
0.05 < P < 0.1, and between the control glands of these two groups 
there is no demonstrable difference (column 4: 1.38 + 0.491 (6) and 
1.29 + 0.161 (8).) It might not have been possible to reveal the 
difference because of the big individual variations in acetylcholine sen- 
sitivity. If the values for the denervated glands are calculated in per 
cent of the values for the control fellow glands a mean of 241.6 + 30.69 


| (8) is found for the group of non-treated animals and 142.2 + 14.88 (6) 


for group III animals. The P value of the difference is < 0.02. 
Enzymic activity. For the non-treated animals there is a marked 
difference in enzymic activity between denervated and normal parotid 
glands, as reported earlier (mean value for denervated glands: 
271 + 19.1 (9); mean value for normal glands: 652 + 60.5 (9); 
P< 0.001). After 6—7 days of treatment with pilocarpine there is still a 
pronounced difference between the mean values for denervated and 
control glands (denervated: 213 + 41.2 (5); control: 590 + 109.7 (5); 
P < 0.01). After 8—12 days of treatment there is no difference be- 
tween the mean values for denervated and control glands (denervated: 


| 
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Table Il. 
Effects of pilocarpine treatment of parotid glands. 
| | 4 | | 
| Drops of saliva | Enzymic | Weight of | 
|Days| on | | glands 
Cat | of | Syg/kg Ach. | am ype 
no. itreat- Ac _min/gland experiment 
|Ment! Dener-| Con- |Dener-| Con- |Dener-| Con- | 
vated | trol | vated | trol | vated | trol 
| | | 
| 11, | 218 | 445 | 0.656 | 0.722 
| 4 | 34/, 13/, | 368 768 | 0.883 | 1.125 
28 | 758 | 0.614 | 0.722 
134) | 3% | 1% | 260 | $04 | 1.200 | 1-317 | No pilocarpine 
| 1% | | 275 | 672 | 0.916 | 0.960 
36) | | 196 | 362 | 0.902 | 0.906 | 
eel aml ll | 278 717 | 0.927 | 0.978 | Cat nos. refer 
| 38 | 1% | % | 224 | 698 | 0.640 | 0.735 | *© that paper. 
39] | /, | 268 | 941 | 0.730 | 0.925 
| Mean | 2.94 | 1.29 | 271 | 652 | 0.830 | 0.932 
1} /1 355 | 968 | 1.119 | 1.001 | 
243 | 618 | 1.003 | 1.002 
3] 6/3 | 1% | 151 | 402 | O.sss | O.670 | Pilocarpine 
4 7 617 | 0.986 | 1.122 
7| 7) 4 | | 19 | 343 | 0.649 | 0.793, 
Mean | 2.18 | 0.92 | 213 | 590 | O.8s8 | 0.918 | 
| | not | not | | 
| 
9 | 8 | tested | tested } 356 464 | 0.547 | 0.670 
10; 8) 1% | % | 294 | 228 | 0.680 | 0.719 | 
1} 9 | %s | Ma | 537 | 500 | 0.503 | 0.682 | Pilocarpine 
330 | 330 | 0.620 | 0.620 | treatment 
13 | 11 | 4%, 33/, | 452 | 427 | 0.776 | 0.825 | 8—12 days. 
14) 11 | 1% | 1% | 509 | 684 | 0.663 | 0.632 
15 | 12 | 1%, | | 272 | 818 | 0.604 | 0.606 
Mean | 1.78 | 1.38 | 393 | 493 | 0.628 | 0.679 


393 + 40.1 (7); control: 493 + 76.2 (7); 0.2 < P < 0.3). If the mean 
value for denervated/normal in per cent is calculated for group III | 
animals a value of 89.5 + 11.75 (7) is reached. Thus there is no ‘ 
demonstrable difference in enzyme activity between the denervated | 


and normal parotid gland after 8—12 days treatment with pilocarpine. | 
Comparison between the mean values for denervated non-treated | 
(group I) and denervated 8—12 days treated glands (group III) shows , 
that the treatment has increased the enzymic activity (P < 0.02). There 
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Fig. 2. Parotid glands. Effect of treatment with pilocarpine on the secretory action 
of 5 ug/kg of acetylcholine and on acetylcholine splitting enzymes. 
Ordinate: a) upwards: Enzymic activity of denervated gland in per cent of its 

normal contralateral gland. 
b) downwards: Secretory effect of 5 “g/kg acetylcholine on denervated 
gland in per cent of its normal contralateral gland. 


Abscissa: Number of days of treatment. 


Dotted lines: Mean values of the corresponding values from an earlier not treated 
series. n = number of values in these series. 
All denervations made postganglionically 13—15 days earlier. 


may in addition be a decrease in activity in the normal glands after 
treatment with pilocarpine (8— 12 days) contributing to the diminished 
difference between the denervated and normal glands observed; but 
the difference between the not denervated glands of the two groups 
is not significant (0.1 << P < 0.2). 

The changes in enzyme activity here discussed could not be ac- 
counted for by changes in weight of the glands, as is apparent from 
table III (column 7 and 8). 
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Fig. 2 is constructed in the same way as fig. 1 but for the parotid 
glands. It can be seen, for each individual cat, that 6—7 days treat- 
ment with pilocarpine is sufficient to affect neither acetylcholine sensi- 
tivity nor enzymic activity, when these are expressed as a relation 
between the denervated and the normal gland. After 8—12 days, on 
the other hand, an effect both on sensitivity and on enzyme activity 
is obvious. 


B. Treatment with H6 9980. 
I. Submaxillary glands. 


Sensitivity. The sensitivity to adrenaline (drops in response to 5 ug/kg) 


is shown in table IV for three groups of cats. The cats of the first 
group were untreated, those of the second group treated with H6 9980 
for 12—15 days and those of the third group had a denervation and 
treatment period longer than two weeks. In each group the chorda 
tympani of one side had been cut. The first group shows the well 


Table IV. 
Effects of treatment with Hé 9980 on the submaxillary glands. 


| 
-.|  Enzymic | | 
‘Days saliva tivity | 
Cat] of | Syp/ke Adr. | “SY in gram Type of 
no. |treat-| usike a | _ min/gland experiment 


ent Dener- | Con- |Dener-| Con- ;Dener-| Con- | 


| vated | trol vated | trol | vated | trol | 


| 19 | 13 la ft | No treatment 
| | | | with Hé 9980 
| /a | | (STROMBLAD, 
| 24 | | | 1955 b) 
| 25 | | | 
33) | Cat nos. refer 
| | 1.02 | 
| 
| 16 | 12 | 20%, | 20%, | 


| not | not 


17 | 13 | tested | tested o! | | Treatment with 
18 | 13 blew 83/, | 624 | 784 | 0.614 | 0.922 | Hd 9980 
| 19 | 14 | 16%/, | 21%/, | 1072 | 1229 | 1.214 | 1.475 | for 12—15 days. 
20 | 15 | | |_ 667 | 837 _| 0.825 | 1.195 | 
| Mean | 13.52 | 15.31 | 720 | 832 | 1.062 | 1.366 | 
| | | | 
| 21 | 20 64, | 425 460 | 1.102 | Treatment with 
| 22 | 25 | 3%, | 5%, | 372 | 465 | 0.572 | 1.116 | H6 9980 for more 
— 


| than 15 days. 
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known supersensitivity to adrenaline caused by denervation (mean 
value for denervated glands: 10.88 + 1.791 (6) drops; mean value for 
control glands: 1.02 + 0.897 (6) drops). The effect of treatment with 
H6 9980 is obviously to raise the adrenaline sensitivity of the normal 
gland to about the level of the denervated gland (mean value for 
treated denervated glands (group II): 13.52 + 3.192(4) drops; treated 
control glands (group II): 15.31 + 3.310 (4) drops). 

Enzymic activity. Preganglionic parasympathetic denervation of the 
submaxillary gland gives rise to a small reduction in cholinesterase 
activity, as discussed in the first section of this paper. From table IV 
it can be concluded that treatment with H6 9980 for 12—15 days did 
not strikingly change this relation (mean value for untreated dener- 
vated (table II): 630 + 64.4 (7); mean value for untreated control 
(table IT): 904 + 128.3 (7); mean value for treated denervated (group 
II): 720 + 89.1 (5); mean value for treated control (group II): 832 + 
106.2 (5)). Mean values for the relation between denervated and 
control in per cent give a figure of 73 + 6.06 (7) for untreated and 
87.1 + 3.32 (5) for treated animals (group II): P being 0.05 < P < 0.1. 
Thus there is no demonstrable difference. In an attempt to obtain 
more conclusive results two cats were treated with H6 9980 for longer 
periods, 20 and 25 days. As can be seen in fig. 3 this longer period 
of treatment did not produce results differing from those obtained 
with the shorter period of treatment. 


II. Parotid glands. 


Sensitivity. No experiments on the effect of prolonged treatment 
of the parotid gland with atropine-like drugs have so far been pub- 
lished. Treatment with H6 9980 in the present investigation was found 
to affect the sensitivity to adrenaline in the parotid gland in the same 
manner as in the submaxillary gland, causing a supersensitivity similar 
to that brought about by denervation. Table V shows the secretory 
response to a standard dose of 50 wg/kg (untreated glands: mean value 
for untreated denervated glands: 2.07 + 0.472 (5) drops; mean value 
for untreated control glands: 0.41 + 0.153 (5) drops; /2—/5 days 
treatment: treated denervated glands: 2.22 + 0.737 (3) drops, treated 
control glands: 2.28 + 0.863 (3)). 

Enzymic activity. Postganglionic parasympathetic denervation of 
the parotid gland results in a considerable decrease in cholinesterase 
activity, as pointed out above. Treatment with H6é 9980 for 12—15 
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12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27 26 DAYS OF TREATMENT 


Fig. 3. Submaxillary glands. Effect of treatment with H6 9980 on the secretory 
action of 5 ug/kg of adrenaline and on acetylcholine splitting enzymes. 
Ordinate: a) upwards: Enzymic activity of denervated gland in per cent of its 
normal contralateral gland. 
b) downwards: Secretory effect of 5 ug/kg adrenaline on denervated] the 
gland in per cent of its normal contralateral gland. | th 
Abscissa: Number of days of treatment. at 
Dotted lines: Mean values of the corresponding values from an earlier not treated) the 


series. n = number of values in these series. t 
All denervations made preganglionically number of days of treatment + 1 sa no 
earlier. | parc 


F 


days (table V) has no appreciable effect on this state (mean value for Pr 
untreated denervated glands: 271 + 19.1 (9); mean value for ut) ang 
treated control glands: 652 + 60.5 (9); mean value for treated dener extey 
vated glands: 267 + 24.5 (5); mean value for treated control glands} dene 
673 + 70.5 (5)). The difference between the mean values for the lis ke 
denervated and control glands of the treated animals is highly signit) ag 


icant (P < 0.001). vity | 
The results of the experiments with Hé 9980 are summarized it) as th 
fig. 4. Pthe c 


The experiments have thus shown that treatment with H6 998), obtaj 
causes a supersensitivity to adrenaline both in the submaxillary alt re 
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Table V. 
Effects of treatment with Hé 9980 on the parotid glands. 


| 
| Drops of emia Enzymic Weight of 
Days| on pr 
Cat of | SOug/kg Adr.| in gram | Type of 
no. |treat- min/gland | experiment | 
ment Nener-| Con- Dener- | Con- |Dener-| Con- | | 
vated | trol | vated | trol | vated trol | 
11 | | 5/4 | i, | No treatment | 
| with Hé 9980 
15 | | 2/4 (STROMBLAD, 
| 1955 a). 
28 | | 3%, (ee | | Cat nos. refer 
| c 7 l ~ | to that paper. 


13 | not | mot | 496 | 419 | 0.514 | 0.598 


12; 1% | 1% | 316 | 690 | 0.631 | 0.702 

| 14] 1% | 1% | 337 | 652 | 1.263 | L.aze | emonene wee 
2 | 

20 | 15 34), 4 257 791 | 0.550 | 0.650 for 12—15 days. 


| not not | 
2B | 14 | tested | tested | 220 | 815 | 0.471 | 0.520 


Mean | 2.22 | 2.28 | 267 | 673 | 0.686 | 0.739 


the parotid gland. The level of supersensitivity is about the same as 
that attained by denervation. A change in cholinesterase activity, on 
the other hand, corresponding to that caused by denervation, could 
not be found. This is particularly clear in the experiments on the 


parotid gland. 


Discussion. 


Previous studies on a possible connection between enzymic activity 


extended in the present investigation, making use of the fact that 
denervation supersensitivity can be abolished if the denervated gland 
is kept secreting by injected pilocarpine. 

After pilocarpine treatment for one week the acetylcholine sensiti- 
vity of the denervated submaxillary gland was found to be the same 
as that of the contralateral normal gland, and this was also true for 


‘the cholinesterase activity. In the parotid gland the same results were 


H6 998; obtained, but two weeks treatment with pilocarpine was found to 
lary be required. 
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12 13 14 15 DAYS OF TREATMENT 


Fig. 4. Parotid glands. Effect of treatment with H6 9980 on the secretory action 
of 50 g/kg of adrenaline and on acetylcholine splitting enzymes. 


Ordinate: a) upwards: Enzyme activity of denervated gland in per cent of it} 


normal contralateral gland. 


b) downwards: Secretory effect of 50 wg/kg of adrenaline on denervated | 


gland in per cent of its normal contralateral gland. 
Abscissa: Number of days of treatment. 
Dotted lines: Mean values of the corresponding values from an earlier not treated 
series. n = number of values in these series. 


All denervations made postganglionically number of days of treatment + 1 days) 


earlier. 


After one week neither sensitivity nor enzyme activity of the 


denervated parotid gland were affected. From these pilocarpin} 


experiments it is obvious that decrease in acetylcholine sensitivity art 
accompanied by increase in cholinesterase activity both in preganglio 
nically denervated submaxillary and postganglionically denervated 
parotid glands. 

Postganglionic denervation of the parotid gland has been found to 
affect the acetylcholine sensitivity and enzyme activity more pro 


foundly than preganglionic denervation (STROMBLAD 1955 b). It ish 


possible that the longer pilocarpine treatment necessary to influence 
the parotid gland is related to this fact; but it may also be due to the 
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| fact that the sensitivity of the submaxillary gland to pilocarpine is 


higher than that of the parotid gland (submaxillary gland: EMMELIN 
and MUREN 1951; parotid gland: STROMBLAD 1956); with the inter- 
mittent administration of pilocarpine used this would mean a more 
effective treatment of the submaxillary than of the parotid gland. 

It is interesting to observe that the sensitivity to acetylcholine of the 


| treated submaxillary glands was decreased below the level of then nor- 


mally innervated, untreated glands (a similar finding for the sensitivity 


» to adrenaline was made by EMMELIN, JACOBSOHN and MurEN 1951 


and by EMMELIN and MuREN 1952). The fact that this effect was not 
obtained in the parotid gland may be explained by the less effective 
treatment of this gland, mentioned above. 

Treatment with the atropine-like substance H6 9980 was found to 
increase the adrenaline sensitivity of the innervated submaxillary and 


| parotid glands to about the level of the denervated glands. The 


cholinesterase activity, on the other hand, was not concomitantly 
diminished; this was particularly clear in the parotid gland. It is 
true that a possible sensitization to acetylcholine could not be revealed 
owing to the acute atropine-effect of the drug. The striking similarity 
between the effect of denervation and of atropinization, however, 
suggest that similar mechanisms are at work. This similarity has been 
pointed out earlier (EMMELIN 1952), and further supporting evidence 
may be added. It is known that the sensitivity of an atropine-treated 
gland decreases quickly when the treatment is discontinued, reaching 


five days later, to be as high as that of a gland, denervated several 
weeks ago. To reach this level at least two weeks of denervation are 
required; and it therefore seems reasonable to assume that the effects 
characteristic of denervation were already produced by the atropine 
treatment. This complete sensitization obtained four or five days after 
section of the chorda of a previously atropinized gland was observed 
not only with adrenaline, but also with pilocarpine (EMMELIN and 


_ MacIntosu, 1955). In view of these facts it is tempting to assume that 


the atropinization in fact produces a similar sensitization as denerva- 
tion. If so, it is remarkable that it does not, like denervation, lower the 
cholinesterase activity. Since the supersensitivity to adrenaline of the 
atropinized gland can be demonstrated without difficulty it would 
Clearly be of particular interest to study the activity of the enzyme 
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systems which destroy this agent, and such experiments are in progress, 

From the experiments on denervated glands (STROMBLAD 1955 b) 
it was concluded that the reduction in cholinesterase activity could to 
a certain extent explain the supersensitivity to acetylcholine observed; 


this could at least be the case when a postganglionic denervation had | 
produced a marked fall in enzymic activity. The pilocarpine experi- I 
ments may support the view that the reduction in enzymic activity | 
plays some rdle in this respect. It is of course possible that there is | 
no causal relationship in the parallelism in enzymic activity and f 
sensitivity. At any rate, it seems difficult to see a decrease in enzymic ; 
activity as the sole cause of the denervation supersensitivity. The 
observations on “atropinized” glands, whatever their significance, 
certainly do not lend any support to the enzyme theory. 


Summary. 


The effects of prolonged treatment with pilocarpine and H6 9980 ; 
on the activity of acetylcholine splitting enzymes and on the sensitivity | 
to acetylcholine and adrenaline in noimal and denervated salivary 
glands of the cat were studied. Hé 9980, piperidino-aethyl-diphenyl- 
azetamid hydrochloride, Hoechst, is a substance with an atropine-like 
action. The submaxillary glands were preganglionically denervated 
and the parotid glands postganglionically denervated. 

A. Subcutaneous injections of pilocarpine twice a day for ‘Fi 
days were found to produce the following effects: : 
I. Submaxillary glands: 

Sensitivity. The supersensitivity to acetylcholine regularly found | 
after denervation was prevented in the submaxillary gland; the) 
secretory effect of acetylcholine after treatment was even less than 
on normal non-treated glands. 

Enzymic activity. The difference in cholinesterase activity betweena 
denervated and an innervated gland was abolished. 

II. Parotid glands: 

Sensitivity. The denervation supersensitivity to adrenaline and 
acetylcholine of the postganglionically denervated parotid gland was 
lessened or abolished. ; 

Enzymic activity. The pronounced difference in cholinesterase activ- | 
ity between a postganglionically denervated and a normal parotid 
gland was almost abolished. 
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B. Subcutaneous injections of Hé 9980 once a day for two weeks 
were found to produce the following effects: 
I. Submaxillary glands: 

Sensitivity. The sensitivity of the normal submaxillary gland to 
adrenaline was increased to about the level reached after denervation 
(confirming EMMELIN and HENRIKSSON 1953). 

Enzymic activity. The relation in cholinesterase activity between a 
normal and a denervated gland was not materially affected. 

II. Parotid glands: 

Sensitivity. The secretory effect of adrenaline on the normal parotid 
gland was equal, after treatment with the drug, to the secretory effect 
on the postganglionically denervated gland; the difference otherwise 
brought about by denervation being abolished. 

Enzymic activity. No effect on the cholinesterase activity neither in 
the denervated nor in the normally innervated parotid gland could 
be demonstrated; the marked fall in enzymic activity after post- 
ganglionic denervation could still be found. 

The findings are discussed in relation to the theory claiming enzyme 
decrease as the cause of supersensitivity after denervation. 
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Observations on the Metabolism of Arctic Ground 
Squirrels (Citellus Parryi) at Different 
Environmental Temperatures. 

By 

Harald Erikson. 


Received 10 November 1955. | 


Six Arctic ground squirrels were trapped on the northern slope of ; 
Brooks Range during the summer, 1948, and transferred to a large | 
outdoor cage at the Arctic Research Laboratory, Point Barrow, | 
Alaska. The squirrels were all in good condition. On sunny days with 
temperatures well above freezing (+ 5° to + 10° C) they were playing 
outside all day, and were feeding continuously except for short 
intervals (1—2 hours). On cloudy days with temperatures below / 
freezing they were spending most of their time in a covered cage, 
and were only coming out to feed a few times during the day. The | 
squirrels were fed mainly on grain, but they also ate lettuce, cabbage 5 
and meat. During the fall they gained considerably in body weight | 
(see Table I). 


Table I. 
Body weight of ground squirrels. 


| 
| Squirrel | August 9. 1948 | August 31. 1948 Gain 


| 

A 1180 grams | 1320 grams 140 grams 

B 1140 | 1300 160 
| Cc 900 | 980 80 : 
D 880 880 0 ‘ 
| £ 850 910 60 
faa F 690 950 260 


Under eae cobiiinnd the effect of environmental temperature on 
the metabolic rate was determined. 
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Fig. 1. 


Method for Determination of Oxygen Uptake and 
Carbon Dioxide Output. 


The method is previously described by SCHOLANDER, HOCK, WALTERS, 
JOHNSON and IRVING (1950). The squirrel was put in a wire cage under a 
plastic cover in an open circuit system as shown in figure 1. For temperatures 
below 0° C a similar system placed in a cold room at — 30° C, but with 
the collecting spirometer outside, was used. In both systems a gear pump 
provided a continuous flow of air through the cage. The excurrent air was 
collected in a copper spirometer. Before each experiment the “‘dead-space”’ 
was washed out with air. The experiment lasted 15 minutes. The total 
volume in the spirometer was determined and an air sample taken. The 


experiment was then repeated twice with an interval of a few minutes be- 


tween experiments. The air samples were analyzed for oxygen and carbon 
dioxide content in the 0.5 cc analyzer (SCHOLANDER 1947). Duplicate 
analyses were done on ali samples. Duplicates agreed within + 0.015 %. 
The system was tested with air and expired air of known composition, and 
no change of oxygen or carbon dioxide content was found due to the 
passage through the gear pump or the storage in the spirometer. Satis- 
factory mixing of the air in the spirometer was obtained by convection 
caused by the heat from a lightbulb touching the side of the copper spiro- 
meter. Air samples were drawn from different heights in the spirometer 
and analyzed; the results were identical. 
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The airflow passing the squirrel was adjusted so as to result in a con- 


centration of carbon dioxide of approximately 0.70% in excurrent air. It | 
was desired to perform the experiments under as natural conditions as | 
possible; no attempts were made to determine the basal metabolic rate of | 
the squirrels. The animals were taken from the outdoor cage and kept at © 
the desired environmental temperature for 11/, hours before the experi- | 
ment was started. They were observed during the experiments and notes | 
made of their behaviour. If the squirrel remained in the same position or | 
only changed position once or twice during the experiment it was classified | 


as quiet; if it changed position more often, as restless; and if it moved 
around in the cage, as active. i 


Oxygen Consumption at Different Environmental Temperatures. 


The lowest obtainable temperature with the available cold room | 


was — 30° C. It was found that the squirrels could remain at — 30° C 


for 24 hours without any apparent ill effects. When the metabolic 
rate was determined at low temperatures, the squirrels were active, 
and due to their heat production the lowest obtainable temperature 
in the cage was — 19°C. In 15 experiments at environmental tem- 
peratures between — 19°C and — 10°C they were all active and 
their oxygen consumption varied from 1.6 to 3.4 ml O,/gram/hour. 


In 39 experiments between — 9° and 0° C they were active in 26 
experiments, using from 1.4 to 2.8 ml O,/gram/hour; and they were 
quiet in 13 experiments, using 1.0 to 1.4 ml. O,/gram/hour. In 53 
experiments between + 1° and + 20° C they were active in 16 experi- 
ments, using 1.3 to 2.0 ml. O,/gram/hour; and quiet in 37 experi- | 
ments, using 0.6 to 1.4 ml. O,/gram/hour. In 45 experiments between | 
+ 21° and + 40° C they were active in 2 experiments, using 1.2 and 
1.3 ml. O,/gram/hour; and were quiet in 43 experiments, using 0.6 
to 1.1 ml. O,/gram/hour. 

At higher temperatures than + 40° C the squirrels were distressed 
and could only survive for a limited time (at + 50°C for about | 
hour). Only a few experiments were therefore performed at these 
high temperatures. In 12 experiments between + 41° and + 50°C 
they were all quiet, using 0.6 to 1.1 ml. O./gram/hour. Two experi- 
ments were performed at + 53° C. The squirrel then made some very 
weak efforts to get out of the cage, but seemed completely exhausted 
and the experiment was interrupted. See Table II and fig. 2. 
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A few squirrels were kept in cages without food for 24 hours, and 
their metabolic rates were then determined. These squirrels were more 
restless than under usual conditions, and as a result of this activity 
they had an increased oxygen consumption. 

Usually the squirrels showed a rather constant oxygen consumption 
at the same environmental temperature, but occasionally they would 
be more restless or active, which is the main reason for the large 
spread. But there were also individual differences. In the few cases 
where the oxygen consumption was higher than 2.6 ml/gram/hour 
the squirrels struggled to get out of the cage. These data show that 
the ground squirrels had a rather high tolerance to cold, in spite of 
being hibernators (SCHOLANDER et al. 1950). 

Six experiments were performed on two sleeping squirrels at night 
at an environmental temperature of + 30° C. The oxygen consump- 
tion was then found to be considerably lower: 0.3 to 0.6 ml/gram/hour 
which corresponds to a caloric output of 26 to 52 cal./24 hours on 
animals weighing between 900 and 950 grams. These values are con- 
siderably lower than should be expected from the “mouse to elephant” 
curve (BRODY 1945) and represent “sub-basal” values, 
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Table I. 


Oxygen uptake in ml per gram per hour, at different 
environmental temperatures. 


Animals Quiet | Animals restless | Animals active 
| Temperature °C | No. of | _ | No. of | - | No.of s, 
experi- | . experi- | experi- | 
ments | wytake | ments | uptake ments | uptake 
| —19°to—10°| 0 | oO 15 | 1.6to3.4 
— 9°to l.oto 1.4 9 1.4 to 1.8 17 1.6to 2.8 
+ 1°to+20° | 37 |0.6tol.4| O 16 1.3 to 2.0 ff 
| + 21° to + 40° 43 |0.6tol.1/ 1 £2 1 1.3 
+ 41° to + 50° 12 |O2wl1| @ 0 


Respiratory Quotient and Environmental Temperature. 


The experiments were carried out in August when the animals were 
gaining weight. They were fed mainly on carbohydrates and usually 
‘had been eating a few hours prior to the experiments. 

The respiratory quotient was found to be between 0.7 and 0.9 at 
environmental temperatures of — 20° to 0° C, between 0.8 and 1.2 


at + 1° to + 20°C; and from 1.0 to 1.4 at higher environmental | 


temperatures. Not a single RQ in 40 experiments at temperatures 


below 0° C was higher than 0.9; and not a single RQ in 49 experi-[ 
ments at temperatures higher than + 20° C was below 1.0, see fig. 3. ; 
Moderate activity of the squirrels during the experiments did not} 


influence their respiratory quotient. 


In later experiments it was found that the body temperature of the} 


squirrels remained between 37° and 39° C at environmental tempera- 
tures from — 30° to + 30°C, so this change in respiratory quotient 
with environmental temperature was not correlated with any change 
in body temperature. It was found that this effect of environmental 


temperature on RQ gradually diminished when more than 5 hounf 
had passed after feeding. In 7 experiments on 5 different squirrels} 


the environmental temperature was changed several times during the 
experiment, and the same correlation found every time. The following 
is a description of some of these experiments. 
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Fig. 3. 


Squirrel E was transferred to the respiration chamber 1'/, hours 
after eating bread, the environmental temperature being + 9° C. The 
respiratory quotient was then determined for 3 periods of 15 minutes 
each. All three determinations gave a respiratory quotient of 1.1. The 
environmental temperature was then raised to + 27°C and the 
respiratory quotient again determined for 3 periods of 15 minutes 
each (4 hours after feeding). These three determinations gave respira- 
tory quotients of 1.3, 1.3 and 1.4. See fig. 4. 

Squirrel F was transferred to the respiration chamber 2 hours after 
feeding, the environmental temperature being + 30° C. The respira- 
tory quotient was then determined for two 15 minute experiments an 
hour later, giving 1.2 for both experiments. The environmental tem- 
perature was then lowered to + 13° C and the respiratory quotient 
determined for two 15 minute experiments (5'/, hours after feeding). 
It was found to be 0.9. The experiments were then repeated 10 hours 
after feeding at + 30° C, giving respiratory quotients of 0.8 and 0.9; 
11/, hours after feeding at + 6° C giving 0.7 in both experiments; 
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SQUIRREL E. 


RG AT VARYING ENVIRONMEN TAL 


TEMPERATURE. 
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Fig. 4. 


SGUIRREL F 


R@ AT VARYING ENVIRONMENTAL TEMPERATURE. 
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a 
© 
° 
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— Environmental temperature 


and 13 hours after feeding at + 30° C giving 0.8 in both experiments. 


See fig. 5. 


Fig. 5. 
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The experiments seem to indicate that during August when the ? 
squirrels gained body weight, they synthetized fat from carbo: | 
hydrates when the environmental temperature was higher than 0° C; 
but not when the environmental temperature was lower. 
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The following spring, in March, these experiments were repeated. 
The squirrels were then scarcely eating and did not gain weight. No 
correlation was then found between environmental temperature and 
respiratory quotient. See fig. 6. 


Summary and Conclusions. 


The metabolic rate of Arctic ground squirrels was determined and 
found to be of the same magnitude as common in mammals. 

Determinations during sleep at night showed a reduction of the 
metabolic rate to about 50 per cent of the average daytime values. 

The squirrels seemed to tolerate environmental temperatures from 
— 30° to + 40°C well; at higher temperatures they only survived 
limited exposure (about | hour at + 50° C). 

The metabolic rate remained fairly constant at environmental 
temperatures from + 10° to + 50°C; at lower temperatures their 
activity and metabolic rate increased. SCHOLANDER et al. (1950). 

In the fall, when the animals gained weight, high RQ’s (from 1.0 
to 1.4) were usually found the first hours after feeding, when the 
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environmental temperature was above 0° C, and always when it was 
above + 20° C. At 0° C and lower, the RQ’s were always “‘normal” 
(0.7 to 1.0). This effect of the environmental temperature on the 
metabolism which was found the first hours after feeding diminished 
rapidly after approximately 4 to 5 hours. 

In the following spring when the squirrels did not gain weight, 
changes in the environmental temperature did not affect their RQ. 
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The Body Temperature of Arctic Ground Squirrels 
(Citellus Parryi) at Varying Environmental 
Temperature. 


By 
Harald Erikson. 


Received 10 November 1955. 


Previous investigations had shown that the Arctic Ground Squirrels 
were able to tolerate large variations of the environmental tempera- 
ture, and that their metabolism was influenced by the environmental 
temperature (ERIKSON 1956). Experiments showing the influence of 
environmental temperatures from — 30° to + 40°C on the body 
temperature therefore were carried out. 


Method for Determination of Body Temperature. 


A constantin-copper thermocouple was put through the anus and pushed 
in about 2 inches. The leads were covered by a cuff made of drawn out 
plastic tubing. The thermocouple leads were connected to a Leeds and 
Northrup potentioineter. The cuff was fastened to the root of the animal’s 
tail with adhesive tape, thus holding the thermocouple in position. Even so, 
the squirrels would often bite off the leads or pull out the thermocouple. 
In the first series of experiments therefore the animals were attached to a 
wooden board with a metal rod around their neck and hips, and thus 
restrained were placed in a constant temperature room. 


—= 
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RECTAL TEMPERATURE OF GROUNDSQGUIRREL 
AT DIFFERENT ENVIRONMENTAL TEMPERATURE 
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Results of Body Temperature Measurements on 
Restrained Squirrels. 


The animals usually struggled considerably while being attached to | 
the board, thus raising their body temperature. Usually about 17/; | 
hours passed before the body temperature stabilized. The experiments | 
were usually continued another hour, with temperature readings at 
10 minute intervals. Fig. 1 shows the temperatures from one experi- 
ment. 

46 experiments were performed with environmental temperatures | 
from — 10° to + 30°C. In 44 of these experiments the body tem- : 
perature was between 36.5° and 39°C, in two experiments 35°C. | 
The low temperatures were probably due to defective thermocouples. | 

When the environmental temperature was reduced to — 20° C, the 
body temperature of the animal started to drop. After 3*/, hours 
the body temperature was 23° C (see fig. 2), the respiratory movements | 
were irregular and the hindlegs seemed stiff. The experiment was | 
interrupted and the squirrel recovered completely. Since squirrels had 
been kept in cages at — 30° C for more than 24 hours without appear- | 
ent distress, it was concluded that the temperature experiments had 
to be done on unrestrained animals. i 

When the environmental temperature was raised to 35° C, the body 
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temperature showed an increase to 41.6° C. At 40° C the body tem- 
perature rose to about 44° C in the course of 1'/, to 2'/, hours, and 
the animals died. 


Results of Body Temperature Measurements on 
Unrestrained Squirrels. 


The thermocouples were placed as previously described, but the 
squirrels were left free in the cage and the thermocouples replaced 
when damaged or pulled out by the animals. 

It was then found that the body temperature remained unchanged 
(36. 5° to 39° C) at environmental temperatures from + 30° to — 30°C. 

At 35° C the body temperature showed a slight increase (39.3° to 


» 40.1° C), while at 38° C it rose considerably (40.2° to 41.6° C) (see 


fig. 3). 
Summary and Conclusions. 


Measurements of the body temperature of Arctic Ground Squirrels 
at varying environmental temperatures are described. 

On unrestrained animals the body temperature was found to be 
constant (between 36.5° and 39° C) at environmental temperatures 
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from + 30° to — 30° C. Similar results have been obtained on other 
arctic mammals by IRVING and KroG (1954). 

At + 38°C a marked increase in body temperature (to about 
41°C) was found, but the animals survived. Restrained animals 
showed a greatly reduced tolerance to cold; the heat tolerance was 
slightly impaired. 
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Observations of the Body Temperature of Arctic Ground 
Squirrels (Citellus Parryi) during Hibernation. 
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Arctic ground squirrels, trapped on the northern slope of Brooks 
Range during the fall of 1948, were kept in the animal house at the 
Arctic Research Laboratory, Point Barrow, Alaska, during the 
winter 1948/49. The low outside temperatures and frequent strong 
winds combined with a rather poor insulation and heating system 
of the animal house resulted in large variations of the environmental 
temperature. Efforts were made to maintain an environmental tem- 
perature of 0° C. If it dropped to — 10°C, hibernating squirrels 
either woke up or died. In order to prevent this, bags of reindeer fur 
were made for the squirrels. These seemed fairly effective. Increase 
of the external temperature to about + 10° C, noise or handling had 
a tendency to awaken hibernating animals. 

Some observations of the body temperature of hibernating squirrels 
were obtained. The body temperature was determined by using a 
thermocouple placed about 6 cm past the anus. Thermocouples were 
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RECTAL TEMPERATURE OF HIBERNATING 
GROUNDSGUIRREL. 
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Thermocouple 
inserted 


@ Cage temperature 


Fig. 1. 


also placed in the fur bag and in the cage. The results are shown in 
fig. 1. Similar curves were obtained in two other animals. 

The animals reacted in a very uniform way, with an initial rise of 
body temperature which subsided after 2 to 3 days. The body tem- 


perature was then only slightly higher than the environmental tem- | 
perature. Two squirrels woke up shortly after the insertion of the | 
thermocouple. The body temperatures during the awakening are | 
shown in fig. 2. 


These data indicate that even the moderate handling necessary to | 


insert a thermo-couple is very disturbing to the hibernating animal, | 
and that even if the animal does not wake up, the handling results | 
in an increased body temperature. 

Similar results are referred to by LYMAN and CHATFIELD (1955), as 
well as by ADOLPH and RICHMOND (1955). | 
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Reproduction Capacity of Rats in Relation to Diet. 


3. Influence of Diets Containing no Added Fat with and without 
Vitamin E and Certain Artificial Antioxidants*. 


By 
Frede Christensen and Henrik Dam. 
Received 17 November 1955. 


A previous communication in this series (DAM and GRANADOs 1952) 
dealt with the influence of vitamin E and methylene blue added to 
diets containing lard or cod liver oil or no added fat except 3 drops 
of peanut oil a week as a solvent for vitamins A and D, furnishing | 
approximately 3 mg of linoleic acid per rat per day. In these experi- | 
ments a beneficial effect of vitamin E and of methylene blue was | 
found also with the last mentioned low fat diets. 

In the present work it is examined whether similar results can be ! 
obtained with more strictly fat-free diets, viz. by using an aqueous 
colloidal solution of vitamins A and D in stead of a solution in 
peanut oil. 


Experimental. 


Seven groups of female rats (12 to 13 animals in each) were used. The 
average weight of the rats at the beginning of the experiment was 42 grams. 
The animals were given the diets presented in Table I. After 70 days on 
the diet they were mated for 10 days with normal males of the same age 


* Parts 1 and 2 of this study appeared in Acta Physiol. Scand. (1949) and 
Acta Pharmacol. Toxicol. (1952), respectively. ’ 
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Table I. 


Percentage composition of diets. 


283 | 284 285 | 286 | 287 | 288 | 289 
| 20 | 20 20 20 | 20 20 | 20 
2, | 74.3 | 74.28 74.3 | 74.17 | 74.28 | 73.8 | 74.28 
5 5 § 5 5 5 
Vitamin mixture*........ 0.5 0.5 | O.5 0.5 0.5 0.5 
Choline chloride ........ | 0.2 0.2 0.2 | 0.2 0.2 G2 | O2 
d,l-a tocopherol acetate*. | 0.02 0.02 
Methylene blue>........! 0.126 
0.025 
| | | | 
|Vitamins A and D.......! in peanut oil® in aqueous colloidal solution® 


1 Vitamin test casein, Genatosan Ltd., Loughborough, Leics., England. 

2 U.S.P. Salt mixture no. 2. 

’ Vitamin mixture without vitamin E: biotin 50 jg, folic acid 50 ug, thiamine 
hydrochloride 5 mg, riboflavin 5 mg, pyridoxine hydrochloride 5 mg, calcium 
pantothenate 5 mg, nicotinic acid 8 mg, p-aminobenzoic acid 35 mg, inositol 
15 mg, ascorbic acid 5 mg, vitamin K substitute (dicalcium salt of 2-methyl-1,4- 
naphthohydroquinone diphosphoric acid ester, ‘““Synkavit’’, Roche), 1 mg, and 
sucrose up to 0.5 g. 

4 “Ephynal’’, kindly furnished by F. Hoffmann-La Roche & Co., A.G., Basle. 

5 From George T. Gurr, London, England. 

6 Antabuse: tetraethylthiuramdisulfide, kindly furnished by A/S Medicinalco, 
Copenhagen. 

7 N.D.G.A. (nordihydroguaiaretic acid) from Wm. J. Stange & Co., Chicago, 
U.S.A., kindly furnished by A/S C. E. Basts Eftf., Copenhagen. 

8 Each rat received 3 drops a week of a solution of vitamins A and D, in 
peanut oil, furnishing 1160 I.U. A and 17 I.U. D, and 90 mg peanut oil per rat 
per week, equivalent to 166 I.U. vitamin A, 2.4 I.U. vitamin D, and 13 mg peanut 
oil (containing 3.2 mg linoleic acid) per day. The vitamin A and D concentrates 
were kindly furnished by Distillation Products Industries, Rahway, N.J. 

® Each rat received 3 drops per week of an aqueous colloidal solution of 
vitamins A and D,, furnishing per rat per week 1160 I.U. vitamin A, 17 I.U. 
vitamin D, 0.01 g Tween 80 (polyoxyethylene sorbitan monooleate), 0.1 mg 
ethyl gallate and 0.011 mg peanut oil, equivalent to 1.4 mg Tween 80, 0.014 mg 
ethyl gallate and 0.0014 mg peanut oil (containing 0.00047 mg linoleic acid) per 
day. We thank A/S Ferrosan, Copenhagen, for furnishing this solution. 


which had been reared on the stock diet. During the mating period the 
males received the same diets as the females. 

During the experiment the female rats were weighed every week until 
mating, thereafter they were weighed every second day for 7 days, and then 
every day until either delivery, resorption gestation, or implantation failure 
had been noted. 


| 


Table I. 
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Average weights in grams of the seven groups of rats. 


| 


- 


‘Group no. 1 | 2 3 
oie Vitamins A and D in colloidal aqueous solution 
ithout| + 0.126 0.025% + 0.5% 
without} | withou 126% 7, 
addition’ Eladdition) MB Antabuse | N.D.G.A.|+ Vit: E 
0 41 39 40 40 43 46 40 
1 56 54 61 48 54 63 61 
2 714 69 79 57 69 79 79 
3 84 81 94 64 83 89 94 
4 99 91 107 16 98 97 104 
5 108 104 116 | 82 104 98 116 
6 116 117 123 | 93 113, | 102 123 
7 124 | 126 128 | 99 m4 48 130 
8 131 | 133 132 | 105 135 
9 132 | 134 131 107 123. | 107 135 
133 | 437 | 128 | 103 | 108 | 
Initial no. | | 
ofrats....) 12 12 2 & | 12: 
No. of sur-| | | 
vivingrats} 12 | 12 | 12 | 8 12 1 11 


The average weights of the different groups until the time of mating are 
shown in Table II. The weights are based only on animals which survived 


the experiment. 


The reproduction performance is summarized in Table III. 

It is seen that with the more strictly fat-free diet (vitamins A and D 
in aqueous colloidal solution) vitamin E improves the reproduction 
capacity less than when vitamins A and D are given in peanut oil. 


Results and Discussion. 


MB (methylene blue) exerted a slight beneficial effect on reproduction 


capacity with the strictly fat-free diet but less than found in the 
earlier experiment (DAM and GRANADOS 1952) where vitamins A and 
D were given in peanut oil. Antabuse and N.D.G.A. (nordihydro- 
guaiaretic acid) did not improve the reproduction capacity. Here 
only the strictly fat-free diets were used. Of the three artificial sub- 
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the number of surviving rats. This especially applies to N.D.G.A. at 
the level of 0.5 % of the diet. 

In all groups where young were born they died within 6 days. 
This is probably due to an insufficient supply of essential fatty acids 
also in the groups receiving the small amount of peanut oil (3 mg of 
linoleic acid per rat per day). The insufficient supply of essential fatty 
acids may cause a reduced resistence of the young as well as impair- 
ment of lactation of the mothers. In some cases loosening of the 
breast nipples occurred on the strictly fat-free diets. 


Summary. 


The protective effect of vitamin E on the reproduction capacity of 
female rats was less on a diet containing no added fat where vitamins 


A and D were given in a colloidal aqueous solution than on a corre- 
sponding diet where peanut oil was used as a solvent for these vita- | 
mins, whereby 3 mg of linoleic acid was furnished each rat per day. 
Methylene blue showed less protective effect with the aforementioned 
more strictly fat-free diet than in earlier experiments using peanut 
oil as a solvent for vitamins A and D. Methylene blue showed some | 
toxic effect. 

Certain observations concerning Antabuse and N.D.G.A. are re-| 
ported. 
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Reproduction Capacity of Rats in Relation to Diet. 


4. Influence of Diets Containing No Fat, Lard Freed from 
Tocopherol, and of Vitamin E and Methylene Blue. 


By 


Frede Christensen, Henrik Dam and Ross A. Gortner. 
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In previous studies from this laboratory (DAM, GRANADOS and 
PRANGE 1949) it was found that lard in the amount of 20 per cent 
of the diet had a certain favorable influence on rat reproduction even 
when no vitamin E had been added. Further, DAM and GRANADOS 
(1952) found that methylene blue (in the following abbreviated to MB) 
favored rat reproduction on diets containing 20 per cent lard or no 
added fat except the small amount of peanut oil used as a solvent 
for vitamins A and D, furnishing 3 mg linoleic acid per rat per day. 
In later experiments (CHRISTENSEN and Dam 1955), a slight beneficial 
effect of MB on reproduction was found on fat-free diets when 
vitamins A and D were given in the form of an aqueous colloidal 
solution. 

The present study was undertaken in order to examine whether 
similar results could be found when lard was given also at a lower 
level (2 per cent of the diet) and when the lard had been largely freed 
from its original tocopherol content by adsorption. Thereby it might 
be possible to decide whether lard itself (apart from its tocopherol 
content) is sufficient to improve reproduction, and to find a clue tu 
the mode of action of MB. 


| 
9, 18, 161. 

| 
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Table I. 


Composition of lard before and after adsorption. 


Before After 
adsorption adsorption 
| 
es (0.1 %) | (0.1 %) 


Experimental. 


The removal of tocopherol from lard was carried out by dissolving 6 kg 
of lard in 30 liter petroleum ether and passing the solution by suction 
through activated filtrol (heated at 100° C for 24 hours) until the lower 


colored zone had descended to the middle of the filtrol layer. The filtrol | 
was packed in several cylindrical glass filter funnels, 9 cm in diameter. The | 
height of the filtrol layer was 6 cm. Petroleum ether was passed through } 


the filtrol layer (without suction) before the solution was added. 

The content of total tocopherol was determined by a modified Emmerie- 
Engel technique (NIELSEN, FISKER, PEDERSEN, PRANGE, SONDERGAARD and 
Dam 1953). The determinations were carried out by Miss I. Prange. 

The content of poly-unsaturated fatty acids was determined by alkaly 
isomerization and spectrophotometry (HAMMOND and LUNDBERG 1953). 
These determinations were carried out by Mrs. G. Kofoed Nielsen. 

Table I shows the composition of the lard before and after adsorption. 

The animal room was ventilated with a constant stream of preheated air. 
The temperature was 24—26° C. The relative humidity of the air varied 
between 25 and 40 %. Most of the time it was near 30 %. 

Female rats, 3 weeks old and weighing approximately 25 grams, were 
distributed in 15 equal groups of 8 and given, for a preliminary period of 
62 days, a fat-free and tocopherol-free diet (no. 457) of the composition 
given in Table II*. Thereafter, one group (group 14) continued on the same 
diet, whereas the other groups were transferred to the various experimental 
diets indicated in Table II. 

83 days after the beginning of the experiment (including the preliminary 
period) the females were mated (2 females + 1 male in each cage) with 
healthy males of the same age reared on the stock diet indicated in Table Iil. 
The mating period lasted 10 days (the males were shifted after 5 days). 


* This measure was introduced in order to limit the period during which | 


some of the animals were exposed to the toxic action of MP 
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Table Il. 
Stock diet. 


Ground soybeans (extracted with 1500g 

Salt mixture, McCollum & Simmonds no. 185, supplemented with) 
0.131% CuSO,, 5 H,O, 0.52% MnSO,, 4 H,O, 0.013 % KI....! 200 g 
10 000 g 


1 From A/S Karensmglle, Copenhagen. Declared to consist of 90% carrots 
concentrated with respect to carotene and vitamin E by removal of water-soluble 
substances and drying, and 10% wheatings with added vitamin D . Karo-Vita 
is guaranteed to contain 0.4 mg carotene, 200 I.U. D; and 0.15 mg tocopherol 


per g. 


During the mating period the males received the same diet as the females. : 
The females were weighed every 2nd day after the first mating day until 
delivery or until the weight/time curve together with the placental sign 
showed either resorption gestation or implantation failure. 

Shortly before delivery was expected metal trays with excelsior were ( 
placed in the cages. 


Results. 


The results (including observations of external symptoms of de- | 
ficiency in fat and vitamin E) are summarized in Table IV. The 
weights of the female rats until mating are shown in Table V. 

Of the results recorded in Table IV the following shall be empha- 
sized: 

In the groups which continued on fat-free diets (groups 14, 27 
and 28), several of the animals died before the end of the experiment, | 
especially in the MB group. All had marked symptoms of essential | | 
fatty acid deficiency throughout the experimental period. There was | 
no incisor depigmentation. Only in the group receiving vitamin E a te 
few rats (two) delivered young. All the animals continuing on fat-free a 
diets may have been too weak for good reproduction. The number | 
of animals with implantation was low. In the MB group it was zero. y, 


In the groups with 20 % untreated lard (groups 15, 16 and 17), all) > 


me 


500 g 
500 g 
1 000 g 
1 500 g 
750 g 
2 500 g 
1 500 g 
1 500 g 
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the animals survived the experimental period. The external symptoms 
of deficiency in essential fatty acids almost disappeared during the 
experimental period. The number of animals with implantations was 
greatly increased. In the unsupplemented group (group 15) no young 
were born. In the groups given vitamin E or MB all the animals 
which had implantations gave birth to young. Incisor depigmentation 
occurred only in the unsupplemented group. 

In the groups with 20 % chromatographed lard the survival rate was 
high. The external symptoms of essential fatty acid deficiency almost 
disappeared during the experimental period. Implantation failure 
only occurred in the MB group (in 3 animals). In the unsupplemented 
group all animals had resorption gestation, whereas all delivered 
young in the +- E group and only | in the MB group. MB was not 
able to prevent incisor depigmentation in this group. 

In the groups with 2% untreated lard (groups 21, 22 and 23) all 
animals survived. The external symptoms of essential fatty acid 
deficiency induced by the original fat-free diet did not disappear 
during the experimental period. In the MB group, 7 out of 8 rats had 
implantation failure. In the unsupplemented group (group 21) all 
animals showed resorption gestation. In the two supplemented groups 
all animals which had implantation gave birth to young. Incisor 
depigmentation did not occur in any of the groups. 

In the groups with 2 °% chromatographed lard all animals survived 
except one in the MB group (group 26). External symptoms of 
essential fatty acid deficiency persisted throughout the experimental 
period, especially in the MB group. In the MB group 6 animals had 
impiantation failure. All pregnant animals in the E-supplemented 
group gave birth to young. No young were born in the other two 
groups. Practically no incisor depigmentation occurred in the three 
groups. 

30—-38 days after change of the diet 2—4 rats in each group were 
tested for in vitro hemolysis in 0.9 °%% NaCl at 37° C (CHRISTENSEN, 
Dam, GORTNER and SONDERGAARD, 1956). 

These tests showed that addition of vitamin E or methylene blue 
to the diets afforded complete or partial protection, respectively, 
against saline hemolysis. 

No difference in the rate of hemolysis could be seen between groups 
receiving fat-free diets, untreated or chromatographed lard at 20 or 
2% levels. 
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Reproduction performance and deficgpto 


| Original no. of rats............. 


Diet no. from the 63rd day of : 


Un- | 
| changed | fat-free 20 % lard 
| Characteristics of this diet. ..... fat-free | 
and vit. 


E-free | + vit.E| + MB vit.E-free| + vit. E| +1 


Days in experiment after change 
42 to 43 484 425 52 53 


. just before change of | | | 
\atend of experiment. +++ ++(+) ( 


Scaliness { just before change of . 
hindlegs! \ at end of experiment..| ++(+) ++ | ++(+) 0 0 | 0 
No. of rats with kyphosis........ 6 | 5 6 | 0 0 0 
No. of rats with pus in middle ear 3 0 0 | 0 I 0 
No. of rats with abnormal accu- 

mulation of cerumen?........... as 7 6 vem 0 1 0 
Average grade of { just before 

depigmentation } change of diet. 0 0 0 0 0 } 0 
of upper at end of ex- 

incisors* __(periment..... 0 | 0 | 0 1 12 
No. of rats which survived the ex- 

6 57 | 3 8 8 8 
No. of rats with implantation 

No. of rats with resorption 

gestation. 1 0 8 | 8 
| No. of rats which delivered young! 0 2 0 0 8 0 
No. of implantation spots....... 3 197 0 69 72 16 
Total no. of young found....... 0 3 0 0 69 0 
No. of young found alive....... 0 0 0 0 68 0 


1 
1 4+ = mild scaliness, ++ = strong scaliness, +-+-+ = very strong scaliness. | 
2 F. CHRISTENSEN and H. Dam: Acta Physiol. Scand. 27, 204, 1952. 
3 H. GraANADOos and H. Dam: Odontologisk Tidskrift 56, 457, 1948. 
4 The surviving rats of this group received vitamin E for an average of 48 days. 
5 The surviving rats of this group received MB for an average of 42 days. 
® One rat had grade 6 depigmentation of incisors. 
7 Including one rat which died just prior to delivery; ruptured uterus contained 
7 fully developed living foetuses. 
8 The eighth rat died from respiratory infection (9 implantations). 


All groups received a fat-free and vitamin E-free diet (no. 457) fa 6 
| 14 27 a | | | 
8 8 8 8 8 8 

E- 
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e and deficgptoms of female rats on various diets. 
no. 457) fo 62 days of experiment. Thereafter the diets were as indicated below. 
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16 23 24 25 26 
8 8 8 8 8 8 8 8 8 
459 462 | 463 464 | 465 466 467 468 469 
lard chromatographed lard 2% lard 2 % chromatographed lard 
vit.E + vit. + MB. vit. E-free, + vit.E| +MB vit. E-free) + vit.E) + MB 

i | | | 
0 (+) O +++ | ++(+)) +++ | | 
0 | o| oO; Of; ++)) +++ + | + | +++ 
0 0 | | 0 1 
0 | | 0 0 0 0 
0 } 0 0° | 0 0 0 0° 0 0 0 
8 18 | 8 8 8 8 7 
| 3 | 7 1 | 2 6 
0 8 | | 4 $i 0 0 7 0 1 
7 1 0 6 0 
2 16 67 39 56 55 9 57 44 8 
69 0 58 0 52 4 0 42 0 
68 0 56 | 6 0 44 3 0 36 0 
scaliness. 
of 48 days. 
Lys. 
contained 
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1 The diets were changed the day before the end of the 9th week. 
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| Some of the rats had hematuria at the end of the fat-free regimen. 
| This symptom ceased when the diet was changed. 


Discussion and Summary. 


In the present experiments 20% untreated lard itself did not im- 
prove reproduction capacity. This is in contrast to the earlier findings 
» (DAM, GRANADOS and PRANGE 1949, DAM and GRANADOS 1952). The 
| reason for this discrepancy may be that in the earlier experiments the 
» animals had higher initial weights (about 30, resp. about 40 g) than 
| in the present (about 25 g), and that vitamins A and D were given in 
» asmall amount of peanut oil in stead of in aqueous colloidal solution. 
Further, the animals in the earlier experiments had not been on a 
fat-free and vitamin E-free diet before the period during which they 
received lard. This is, probably, the most important cause. 

Vitamin E greatly improved reproduction capacity on diets con- 
taining 20 or 2 % lard, treated or untreated, even though external 
| symptoms of essential fatty acid deficiency did not disappear with 
2% lard. With fat-free diets the effect of vitamin E on reproduction 
was less, probably because the animals were weakened too much 
during the long fat-free period. In some cases the uterus had the 
appearance of a thin white string. The ovaries were not (grossly) 
affected. 2 % lard, treated or untreated, was not enough to produce 
incisor depigmentation. 

Brown uterus did not occur in any of the groups, probably because 
the feeding period was too short. 

MB had a certain toxic effect resulting in lower weight and in- 
creased impiantation failure. Whether this effect is partly due to 
damage to spermatozoa is undecided. In some cases MB gave rise 
to a blue-green color of the uterus. The toxic effect of MB was most 
pronounced in the fat-free group, and least in the group receiving 
20% lard. 

MB had improved reproduction considerably in the group with 
| 20% untreated lard, whereas its effect was very slight in the corres- 
ponding group with treated lard. This observation suggests that 
the favorable effect of MB on rat reproduction depends on the 
' presence of small amounts of vitamin E which may be stabilized 
| by MB. The same applies to the effect of MB on incisor depigmenta- 
} tion. 


96 FREDE CHRISTENSEN, HENRIK DAM AND ROSS A. GORTNER. 


References. 


CHRISTENSEN, F., H. Dam, R. A. GORTNER and E. SONDERGAARD, Acta 
Physiol. Scand. 1956. 35. 215. 

Dam, H., and H. GrRANADos, Acta Pharmacol. Toxicol. 1952. 8. 47. 

Dam, H., H. GRANADOS and I. PRANGE, Acta Physiol. Scand. 1949. /8. 161. 

HAMMOND, E. G., and W. O. LuNnpserG, J. Amer. Oil Chem. Soc. 1953. 
30. 433. 

NIELSEN, J., A. N. Fisker, AA. H. PEDERSEN, I. PRANGE, E. S@NDERGAARD 
and H. Dam, J. Dairy Research 1953. 20. 333. 


h 
a 
P 
d 
te 
e 
te 
fl 
P 
| in 
j in 


‘RD, Acta 
47. 

9. 18. 161. 
0c. 1953. 


JERGAARD 


From the Department of Biochemistry and Nutrition, Polytechnic 
Institute, Copenhagen. 


Reproduction Capacity of Rats in Relation to Diet. 


5. Absence of Influence of High Casein and Addition of 
Vitamin B,, on Vitamin E Deficient Diets. 


By 
Frede Christensen and Henrik Dam. 


Received 17 November 1955. 


It is known that the amount and quality of protein in the diet 
influence certain vitamin E deficiency symptoms such as massive 
hepatic necrosis in rats (SCHWARZ 1944, GyorGy, ROSE, TOMARELLI 
and GOLDBLATT 1950) and muscle degeneration in chicks (Dam, 
PRANGE and SONDERGAARD 1952). It could, therefore, be of interest to 
examine whether an increase of the amount of casein in a vitamin E 
deficient diet would influence the classical vitamin E deficiency symp- 
tom, viz. impaired reproduction capacity in female rats. Thereby it 
would also be possible to obtain an indication as to whether the 
effect of vitamin E on rat reproduction might be linked with a pro- 
tective action on protein components. For the same reason the in- 
fluence of an addition of vitamin B,, which occurs in several com- 
mercial grades of casein was also tested. 


Experimental. 


Sixty young female rats with an average weight of 64 g were divided 


' into 6 equal groups and given the diets indicated in Table I. All diets 


contained 4 % of lard in order to avoid deficiency of essential fatty acids, 


| including impaired mammary function. 


7—553010. Acta phys. Scandinav. Vol. 36. 
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Table I. 


Percentage composition of diets fed to the six groups. 


418 | 419 | 420 | 421 | 422 | 423 
70.28 | 70.28 | 50.28 | 70.28 | 70.28 | 50.28 
| Salt mixture*............... 5.0 | 5.0 5.0 | 5.0 5.0 | 5.0 
| Vitamin mixture*.........../ 0.5 0.5 0.5 | Os 0.5 | 
d,l-a-tocopherol acetate*....| 0.02 | 0.02 | 0.02 
| Choline chloride. ........... | 0.2 
| Lard fortified with vit.A&D,°| 2.0 | 2.0 | 2.0 2.0 2.0 | 2.0 
| 


1 Vitamin test casein, Genatosan, Ltd., Loughborough, Leics., England. 


2 McCollum-Simmonds no. 185, supplemented with 0.131% CuSO,, 5 H,0, f 


0.52% MnSO,, 4H,O and 0.013 % KI. 

3 Vitamin mixture without vitamin E: biotin 50 wg, folic acid 50 wg. thiamine 
hydrochloride 5 mg, riboflavin 5 mg, pyridoxine hydrochloride 5 mg, calcium 
pantothenate 5 mg, nicotinic acid 8 mg, p-aminobenzoic acid 35 mg, inositol 
15 mg, ascorbic acid 5 mg, vitamin K substitute (dicalcium salt of 2-methyl-1,4 


naphthohydroquinone diphosphoric acid ester, ““Synkavit’’, Roche) 1 mg, and | 


sucrose up to 0.5 g. 
4 “Ephynal’”, kindly furnished by F. Hoffmann-La Roche & Co., A.G., Basel. 


5 “Bendogen”’ (containing intrinsic factor), kindly furnished by A/S GEA, fF 


Copenhagen. 
® Supplying 668 I.U. vitamin A (as palmitate) and 132 I.U. vitamin D, to 100g 


of diet. 


The rats were mated twice with normal males reared on the stock ration 
indicated in the paper by CHRISTENSEN, DAM and GorRTNER (1956). The 
first mating took place after 84 days of feeding, the second after 139 days 
of feeding. Each mating period lasted 10 days, one male being paired with 
2 females. 


Results and Discussion. 


Table II shows the average weights of the rats in each group at 
weekly intervals during the experiment until the first mating. 

The results of the two matings are presented in Table III. 

It is seen that on vitamin E deficient diets increase of the casein 
content from 20 to 40 % of the diet or addition of 1.5 microgram 
of vitamin B,. per 100 g of the diet did not improve the lack of re- 
production capacity. 

On diets containing vitamin E (20 mg % d,l-a-tocopherol acetate) 
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Table II. 


Average growth in grams of the six groups. 


g. thiamine 
ig, calcium 


1g, inositol 


methyl-1,4- 
1 mg, and 


\.G., Basel. 


A/S GEA, 
D, to 100g 


ock ration 
1956). The 
r 139 days 
aired with 


group at 
the casein 
nicrogram 
ack of re- 


acetate) 


|Groupno....| 8 | 9 | 10 
| Diet no......| 418 | 419 420 421 | 422 | 423 
| Characteris- | => | casein | => 20 % | povins | 40 % 
| tics of this ” + vit. E| = | 4 vitE | casein | + vit. Bus | casein 

0 64 64.5 64.5 64.4 64.3 64.3 

1 87 | 90 91 87 90 88 
| 2 104 =: 106 107 104 105 | 110 
3 | 119 | im | 
5 | | 142 147, | 141 
6 142 47 | 
7 157 164 149 
8 | 12 | 161 170 156 
| | 157 165 175 | 160 
11 162 169 183 168 
| 164 173 186 | 169 | 


no significant influence on the normal reproduction capacity resulted 
from the aforementioned changes of the diets. 

The results make it appear less likely that impaired reproduction 
capacity caused by a vitamin E deficient diet of optimal or abundant 
protein content is due to the absence of a protective effect on protein 
constituents. 


Summary. 


No improvement of reproduction capacity of female rats resulted 
from increase of the casein level from 20 to 40 % in a vitamin E free 
diet with 4 % lard or from adding 1.5 microgram of vitamin B,. per 
100 g of diet. 

On corresponding diets with vitamin E (20 mg % d,l-a-tocopherol 
acetate) the abovementioned dietary changes had no influence on the 
normal reproduction capacity. 


| 423 
| 40 
s | 50.28 
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1 Mothers and young were killed 9—12 days after delivery. 


No. of young alive on the) 
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Studies in Calcium Metabolism in Rats. 


I. A Long Term Study in Rats given an optimal Diet 
with and without Vitamin D. 


By 


Ragnar Haavaldsen and Ragnar Nicolaysen. 


Received 28 November 1955. 


The biochemistry and physiology of vitamin D was recently re- 
viewed (NICOLAYSEN and E&G-LARSEN 1953), and the mode of action 


of vitamin D was also critically reexamined (NICOLAYSEN and EE&G/ 


LARSEN 1956). 


In later years evidence has accumulated in favour of the view that 


vitamin D, in addition to its effect on the absorption of calcium, has} 
a local effect in the bones and probably also a systematic effect. 

The rat has been extensively used in vitamin D studies, mostly 
however in short term experiments and with diets of varied, but nol/ 
optimal composition. It had long been felt that a full description of i 
Ca metabolism in rats as influenced by vitamin D, and with vitamin D 
as the only missing factor in the diet was needed. 

The experiments here presented were conducted in groups of rats, 


until they appeared to have reached a steady state after about 18 
months. Then they did not grow any longer, and they remained iny 
Ca balance. The experiment was therefore stopped at this stage. } 
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Experimental. 


Only male litter mates were used. For the metabolic studies as well as 
for the analyses of the composition of the bones the groups were made up 
of litter mates. About 150 rats in all were used. 

The dietary composition was as follows: Acid precipitated casein 10 %, 
egg albumen (dried) 3 %, dried brewers yeast 3 %, arachis oil 5%, wheat 


| flour (70 % extraction) 76 %, vitamin B,. mixture (20 mg By, in | kg rice 
| starch) 0.5%, NaCl 1%, KH,PO, 0.8 % and CaCO, to give 0.5% Ca in 


the final mixture. The resulting P content was also about 0.5%. Each 
newly prepared batch of food was analysed for Ca and P content. All rats 
received 140 I.U. vitamin D weekly while 70 I.U. vitamin D was given 


' weekly to the appropriate groups. 


The calcium analyses were performed in the ash following wet incinera- 
tion (nitric acid-perchloric acid mixture). Macro methods were used for 
food and faeces (permanganate method in 50 ml centrifuge tubes on approx. 
2—4 mg Ca). Urinary Ca was analysed by the conventional micromethod 
following wet incineration. 

The balance experiments were conducted continuously for the some and 
seventy weeks. At the beginning 3 week periods were used, later on they 
were extended to 4, 5, and 6 weeks length. Carmine was used as a marker. 

The bones from the respective rats were carefully dissected free of soft 
tissue, then dried and exhaustively extracted in a Soxleth, the weight being 


_ taken in steps. The ash content was estimated after dry incineration to 


850° C. The organic remainder represents the difference between the two 
last weighings. 


Results. 


The balance experiments are given in Table I. 

It appears that the effect of vitamin D on the absorption was 
marked only in the first 15 weeks of actual observation. From then 
on the two groups absorbed practically the same amounts of Ca. 
In spite of a constantly remaining deficiency in total body Ca, the 
vitamin D free rats would not make this up. 

The urinary Ca remained at a very low level in both groups, although 
there was a slight tendency for the rats given vitamin D to excrete 
slightly more Ca. In the later periods this difference became accentu- 
ated. This may perhaps be viewed against the background of the most 
recent experiments (NICOLAYSEN and EgG-LARSEN 1956). Here it was 
observed in very young rats that those on a vitamin D free diet (with 
Ca added to it) could retain 4—5 mg Ca daily over and above what 
tats given vitamin D on a very low Ca diet would. In spite of this 


| 
| 


Rats given 70 I.U. Vitamin D weekly. 
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Urine 


Ca mg/day 


} 
} 


| 


Total body | 


(Calculated) 


Body wt 
g 
59+ 3.2 
86+ 5.4 
163 + l1l.9 
216 + 21.1 
256 + 19.3 
286 + 22.2 
312 + 23.1 

327 
347 
362 + 25.4 
377 
389 
399 + 30.8 
403 
413 
409 + 33.8 
416 
420° 
414 + 25.28 


413 + 36.4° | 


1 Dietary Ca level 0.7 % in this period. 


0.99 + 0.65 | 


0.72 + 0.27 
0.25 + 0.12 
0.34+ 0.11 
0.37 + 0.27 
0.72 + 0.23 
1.15 + 0.37 


0.89 + 0.39 | 
| 4.95 + 0.46 


1.18 + 0.49 


1.36 + 0.39 | 
1.06 + 0.27 | 


0.92 + 0.35 


0.52 + 0.27 | 


0.78 + 0.28 


0.64 + 0.27 | 
2.33 + 0.63 | 


2.56 + 0.52 


2.68 + 0.88 | 


2 Total body Ca at this age assumed to be 0.75 %. 


3 Nine rats. 


4 Of ten rats (two died in the middle of the experiment). 


difference the serum Ca remained considerably lower in the vitamin | 
D free rats. 
In the early period of life the rate of growth was high in both | 
groups, but the vitamin D free rats lagged slightly behind and they 
ended with bodywts. definitely lower than the vitamin D treated rats. | 
This result was also found in the other groups of litter mates used for 
bone analyses (see Table II). Thus vitamin D results in a higher Ca 
content of the body and in somewhat heavier bodies in rats given 4 | 
diet of good composition in every respect. Table II gives the results ; 
of the bone analyses. The figures for the bones of the rats given no 
vitamin D have been corrected by a factor: body wt. for + D rats/ 
body wt. for — D rats. 
It appears that the wet weight is relatively higher in the vitamin D 


0.64? + 0.12 
1.44+ 0.14 


2.27 + 0.22 | 
2.85 + 0.25 | 


3.31 + 0.33 
3.65 + 0.35 
4.16 + 0.48 
4.41 + 0.47 
4.69 + 0.46 


5.09 + 0.50 
5.50 + 0.52 
5.73 + 0.52 
5.81 + 0.54 
6.13 + 0.62 
6.45 + 0.73 
6.55 + 0.64 
6.62 + 0.67 
6.69 + 0.70 
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Rats given no Vitamin D. 


IN RATS. 


Urine 


Total body 


(Calculated) 


He He He He HE He He HE HE HE HEH HEHE HEH 


4 | Per 
| Can 
| the 
12 
14 0.81 
22 1.03 
25 Lau 
33 Lig 
35 
48 
47 
46 
46 13 
50 13 
52 
52 La 
54 
62 1.3) 
73 Ls 
64 
67 Ls 
70 1.6 
vitamin 
in both } 
nd they | 
ted rats. | 
used for 
gher Ca | 
given a | 
> results 
riven 
D rats/ | 


‘amin D 


0.46 + 0.14 
0.81 + 0.18 
0.32 + 0.06 
0.29 + 0.06 
0.35 + 0.25 
0.38 + 0.11 
0.53 + 0.11 
0.69 + 0.16 
1.12 + 0.58 
0.93 + 0.44 
0.70 + 0.15 
0.68 + 0.39 
0.34 + 0.22 
0.77 + 0.18 
0.35 + 0.05 
1.20 + 0.21 
1.28 + 0.55 
1.46 + 0.88 


0.597+ 0.18 
0.92 + 0.17 
1.52 + 0.19 
2.08 + 0.29 
2.48 + 0.32 
2.71 + 0.38 
3.18 + 0.49 
3.43 + 0.53 
3.67 + 0.52 
3.89 + 0.57 
4.02 + 0.62 
4.28 + 0.67 
4.41 + 0.70 
4.45 + 0.64 


free rats and that this is in part due to a higher water content and in 
part due to a higher content of fat free organic residue. Since this is 
largely matrix, it would appear that the relative composition of bones 
is influenced by the vitamin. In the earlier part of the study it was 
found, in confirmation of the work of FAIRBANKS and MITCHELL (1936) 
that the rats growing at the highest speed developed bodies less 
saturated with Ca. As the growth slowed down, such differences 


Attention should finally be drawn to the differences between the 
Tesults here presented and those of HENRY and Kon (1953). They 
used the diet of NICOLAYSEN (1943); a diet which invariably has lead 
to stunted growth in this laboratory. This does not seem to have been 
so with HENRY and Kon’s rats. They observed no difference in the 
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| Intake | Absorbed 7 | Per cent 
Body wt. | | | Cain 
| 

| | 

78 + 8.0 

37+11.5 | 53 27 0.67 
190 + 18.5 | 2 0.80 
26+26.8 | | 27 0.92 
255+27.0 | 0.97 
285 91 eg 1.10 
310 93 12 1.11 
325+32.4 | 85 9.3 1.13 
335 | 85 9.1 1.20 
346 83 1.16 
351+ 37.0 | 87 9.9 1.22 
351 | ae 1.26 
358 | te | 1.6 1.24 
352+ 38.8 | 86 9.3 4.74 + 0.64 1.35 
358 82 y Be 5.03 + 0.68 1.41 
355 83 3.5 5.06 1.42 | 
358 + 44.4 | 81 a 5.09 1.43 
354 + 45.7 80 3.4 5.16 1.45 

disappeared. 
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composition of the bones between rats with and without vitamin D. 
Finally they could not find any effect of vitamin D on the absorption 
of Ca in their D free rats from 8 months of age onwards. 

; No explanation can be offered for such differences. However the 
control of Ca metabolism in rats throughout life by vitamin D is 
discussed in the following paper. 


Summary. 


; For 18 months the rate of growth, the Ca metabolism and the 
composition of the bones were studied in rats given a presumably 
optimal diet with vitamin D as the one variable. The results were as 
follows: 

1. Vitamin D influenced the Ca absorption only in the first 21 
_ weeks of life. 2. Vitamin D administration resulted in somewhat 
heavier rats with more densely mineralized bones containing relatively 
less water and matrix than the comparable bones in vitamin D free 
rats of the same age.' 


bodywt. in + vit. D rats 
bodywt. in — vit. D rats 
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Studies in Calcium Metabolism in Rats. 


II. The Interaction of Vitamin D and the Endogenous Factor. 
By 
Ragnar Haavaldsen, Karen Mortensen Egnund and Ragnar Nicolaysen. 


Received 28 November 1955. 


The physiology of calcium metabolism has recently been reviewed 
(NiCOLAYSEN, EEG-LARSEN and MALM 1953). The striking correlation 
between body saturation with calcium and the speed of absorption 
was emphasized. It was maintained, chiefly based on the experiments 
of NICOLAYSEN (1943) and on unpublished new experiments, that an 
endogenous factor .active only in the presence of vitamin D also 
affects Ca absorption. One experiment conducive to such a con- 
clusion has recently been reported (MALM, NICOLAYSEN and SKJELK- 
VALE 1955). On the other hand Henry and Kon (1953) recently 
reached the conclusion that they could not obtain results “in support 
of the view of NICOLAYSEN (1943) that the Ca metabolism in the rat 
is controlled by an endogenous factor effective only in the presence 
of vitamin D”’.? 

The purpose of the present paper is to report in full various experi- 
ments conducted in this laboratory in later years to elucidate more 
extensively this remarkable dual regulation of the Ca absorption. 


1 In the 1953 paper of Henry and Kon a personal talk in 1943 is referred to 
between Kon and Nicolaysen. It is to be regretted that this was not referred back 
to Nicolaysen at later occasion. 
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Table I. 


The interaction of vitamin D and the endogenous factor in 6 month old rats. 


Six m. & six f. rats Three m. & three f. rats 
_ Age | Ca mg/day Age Ca mg/day 
| weeks | wt. weeks | wt. 
| onion Absorbed Absorbed 
6| 62| 25 | 7.240 | 
7} 99) 28 | 7| 75| 25 | 88+0s | 
8| 100 | 30 | 11.6 + 1.0 8| 97 | 26 | 10.8 + 1.2 | 
9| 30 | 1lo+0.9 9| 104} 27 | 10.34 1.5 
10—13| 126 | 32 12.0 + 0.9 | 10—13) 123 30 | 1.5 | 
14-18) 151 33 | 1l.o+0.9 | 14—18) 151 33 12.2 + 1.7 
| 19—23| 172 | 33 8.3 + 0.8 | 19—23| 176 | 33 | 2.0 | 
| 207 | 32 | 6240.6 24| 204 | 37 | 25.3 +1.7 | 70LU. 
27—28)| 211 32 5.8 + 0.6 
25 38 | 27.2+ 1.4 | vit. D 
29| 221 | 31 | 3.5405 | 
| 26| 212 | 37 | 21.8 + 0.9 | weekly 
30; 219 | 31 3.1 + 0.6 
27 36 | 168+ 0.8 
31| 224) 25 4.3 + 0.6 
28| 214 | 36 | 14.3+ 1.5 
32| 220} 26 | 2540.4 | 
| 33] 222| 26 | 4.04 1.2 2 he 
| 30 218 35 | 10.3 + l.o 
Experimental. 


Five different series of experiments have been performed. In series I, 
the diet was as follows: Whole wheat 84.2 %, acid precipitated casein 10 %, 
dried brewer’s yeast 3%, NaCl 1 %, KH,PO, 0.8 % and By». mixture (see 
preceding paper) 0.5%. In the other four series the dietary composition 
was the same as in the preceding paper except for the variations introduced 
in the Ca content and the use of Na oxalate at intervals in series IV and V. 


Results. 


These are in fact largely selfexplanatory so that only a few com- 
ments are needed. 

Series I. The dietary Ca level was set at 0.25 %. Since the urinary 
Ca is very low in young rats, only the absorption was studied. Table I 
gives the condensed results from which it appears that vitamin D free 
rats cannot compensate for the progressive Ca deficiency by increased 
Ca absorption. Vitamin D given to six months old rats radically 
increased the absorption, resulting in a retention of several hundred 
mg. extra. Here as in the other experiments, the stepwise fall in the 
absorption following increased saturation is a characteristic feature. 


Table II. 
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Five rats pre-treated for 35 weeks on a vit. D free 0.5 % Ca and 0.5 % P diet. 


Ca mg/day 


75 


Intake Absorbed 
Rat no. Rat. no. life 
1 2 3 4 5 1 2 3 4 5 
80.1 | 75.1 | 78.0 | 69.3 | 83.4) 8.0) 7.4/12.8| 9.3) 9.2 36 
79.9) 75.6) 78.3 | 81.3 | 86.4) 6.3/ 13.6) 10.3) 8.4 37 
71.4 | 77.0 | 69.9 | 71.4 | 77.7 | 25.6 | 27.0 | 30.8 | 33.3 | 32.1 38 =| 701.U. 
74.9) 78.4 | 76.3 | 77.9 | 79.3 | 30.1 | 23.0 | 34.0 | 35.4 | 26.9 39 vit. D 
70.4 | 67.0 | 62.6 64.9 | 72.0) 19.0) 18.1 | 25.7 | 25.0 22.0 40 weekly 
Table III. 
Two rats pre-treated for 69 weeks ona vit. D free 0.5 % Ca and 0.5 % P diet. 
Ca mg/day 
Intake Absorbed Week 
of life 
Rat no. Rat no 
2 
59.7 63.2 — 1.5 a2 63—69 
54.1 54.9 3 0 69—74 | 
54.9 51.3 17.8 10.6 75 | 701U. vit. D 
54.1 46.1 20.4 14.8 76 | weekly 
47.7 45.6 10.4 12.7 77 
41.3 36.9 7.1 7.0 78 
| 
Series II and III (see tables II and III) were conducted in rats taken 
out of the groups being pre-treated as described in the preceding 
paper. The effect of the vitamin D administration is striking. It should 


be noted that the two rats in series III were selected for this short | 
term experiment, partly because they showed signs of ill health; they ( 
lost body wt. and number 2 died a few weeks later. This may explain 
the somewhat less striking effect of the vitamin in this rat. 
Series IV (Table IV) was conducted for other purposes. It is in all 


important respects identical to one already published (MALM, NICO- 
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Table IV. 


111 


The interaction of vitamin D and the endogenous factor in adult rats. 


P diet. 


vit. D 


its taken 
receding 


should 
1is short 
Ith; they 
explain 


is in all 


Twelve female rats wt. 


1 0.5% Na oxalate in the diet. 


LAYSEN and SKJELKVALE 1955) and the results obtained were strikingly 
similar. In spite of the loss of several hundred mg Ca the rats will 
not absorb Ca. Vitamin D administration is, however, followed by 
very high levels of absorption. Series V (Table V) was planned to 
fulfil a double purpose: (1) to study the adaptation of the Ca metabo- 
lism in very old rats, and (2) to supply the necessary contrast to 


Series IV, vitamin D being administrered throughout. 


Here it appears that the loss of only a couple of hundred mg Ca 


is followed by a much more efficient absorption. 


270—360 g 
Age 
Ca mg/da | 
weeks | (Ca me/day 
n- Loss | gain 
| take | Abs. is 
§1-59| 12) 26 | — 240.4 28| 35 
0-61 36 | — 240.5 28 
62—63 12 67; — 1240.6 168 
64—65 | 12 61; — 6+0.7 84 
66/12] 5*| — 640.7 | 42 
67/12) 40 | 5+0.7 35 
12) 38 | 1+0.8 
44] — 8+0.4 56| 
70|12| 40 | 340.7 21 
36 | 1408 7 
740.3 49) 
72/12) 36 | — 040.8 
74;12; 33 | — 340.8 21 
30 | — 240s 
| Sum: 490 70 
| The other 9 rats continued: 
(10 I.U. vitamin D daily) 
Ca mg/day 
n | In- 
| | Abs. | | Abs. 
| 
| 6 | 38 | 24+ 1.0] 3 | 6 3+ 2.3 
3/36 | 342.5] 6 | 4+ 1.0 
| | 3 | 17 + 3.7] 
80-81 | 3 | 39/11 + 1.5] 


P diet. 
LU. 
.D 
sekly | 
| 
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Table V. 


The Adaption of Ca Absorption in Six old female Rats given 
vitamin D throughout. 


Age Ca 1 mg/day Ca mg absorbed 
weeks ‘Intake ‘Urine ‘Absorbed + | ~ 
114-116 6 39 | 0.6+ 0.05 48 
119-121) 6 42 | 0.8+0.2 5+1.2 58 
122; 6 | O4402 | —15+1.4] 105 
123) 6 | 0.7+0.3 $24 Le 84 
124, 6 46 1.7+0.4 17+ 1.7 119 
125, 6 42 1.7+0.2 13 + 2.6 91 
126| 6 | —12+4 1.8 84 
127| 6 | 04401 — 942.2 | 63 
128; 5 35 0.5 + 0.2 10 + 3.3 70 i 
5 O4t01 | —11+ 77 
130; 5 6 | 03401 —10+ 1.8 | | 70 
131) 5 6: | 0.24005 | — 941.8 | | 63 
132, 4 6. | 024001 | — 741.7] 49 
1331 4 | 34 | 0.24001 6 + 1.9 | 42 
Total: 68.6m Sum: + 328mg) — 595 mg 
134, 2 6} | Os = 
135, 2 36 | 0.6 3 
2 36 | (Os 4 
137-138, 2 39 | 0.2 4 
139; 2 0.3 5 


a 0. 5 Na in the diet. | 


It is, as a matter of fact this contrast between the quick increase | 
in the efficiency of absorption in vitamin D ,treated rats following } 
Ca deprivation and the complete lack of such a compensatory in- 
crease, in vitamin D free rats, which provides the crucial material. 

It is also worth while noting that rats free of vitamin D, but other- ; 
wise comparable to rats in Series III did not at all increase their | 
absorption when the Ca intake was doubled. 

Finally attention should be drawn to the fact, that observations 
which in principle are in line with those here presented, already have 
been made in humans. The middled-aged woman of Liu et al. (1941) 
suffering from osteomalacia absorbed very little Ca from high Ca 
diets. However, when she next received vitamin D the absorption 
and retention rose to very high levels. fs 
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It would therefore appear reasonable to conclude that vitamin D 
is needed for normal Ca metabolism at all ages not only in the rat, 
but also in man. 


Conclusion. 


The absorption of calcium is throughout life subject to a regulation 
by vitamin D and an endogenous factor of unknown nature. Vitamin 
D appears to be the primary regulating factor without which the 
endogenous factor cannot develop its action. ! 
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III. The Adaption to low Ca Intakes of old Rats. | 
By | 
Ragnar Nicolaysen. 


Received 28 November 1955. 


A long term experiment in man has recently been conducted in 
this laboratory. A preliminary report has recently been published 
(MALM, NICOLAYSEN and SKJELKVALE 1955). The problem of the 
origin of old age osteoporosis was discussed. 

Animal experiments have frequently been used to substantiate the 
view that more Ca is needed for Ca equilibrium in old animals and | 
also to support the view that osteoporosis results from an increased [ 
catabolism of bone tissue. Although the final solution to the problem | 
in man can only be achieved by adequately conducted studies in man, 
studies in aged animals can obviously contribute. ; 

Rats have in part been used. HENRY and Kon (1947) concluded § 
that 2 years old rats needed 0.5 °% Ca in the diet to be in Ca equilib- | 
rium. Recently the same authors (1953) reported results achieved in 
rats, indicating that 2 years old rats given a relatively low Ca diet 
(0.13 %) throughout life, not only developed well calcified skeletons, 
but that such rats also remained in balance on a daily intake of | 
25— 30 mg Ca (the actual daily intake on the 0.13 % Ca diet). 

BHARUCHA and McCay (1954) reported Ca losses in rats, in part | 
excessive beyond ages of 500 days and Liu and McCay (1955) found | 


that old dogs had substantial difficulties in the maintanance of 
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calcium equilibrium. In the most recent paper (LLOYD and Mc Cay 
1955) this view is somewhat modified. When old dogs were compared 
with adult dogs no difference in Ca utilization was observed. They 
suggest that the old dogs were possibly not old enough. 

When the work in man was under way it was felt that work in old 
rats might contribute, and since the adaptation of the Ca absorption 
clearly needed exploring, work was undertaken in old rats given low 
Ca diets continuously until they died. Long term studies were con- 
ducted in 33 rats at all. 


Experimental. 


The analyses of calcium were performed with the macromethod described 
in part I. Since very high precision work was aimed at chromium oxide 
was used as a reference. It was added to the diet in a concentration of 0.5 %. 
The chromium oxide used was fused with sodium peroxide, dissolved and 
determined as biochromate using a Beckman. The preparation was there- 
after used as the reference standard. Each batch of food was carefully 
analysed for its Cr content. In the faeces collected the Cr was then analysed. 
All the figures for the absorbed Ca were next corrected according to the 
amount of Cr consumed, carmine being used as a marker. When e.g. 500 mg 
Cr had been consumed and 200 mg Ca, and say 98 % Cr was recovered 
in the faeces, the actual Ca intake was taken to be 196 mg. 

It happened that 95 % Cr was recovered in one week and 105 % in the 
following. However, the over all result was that 98—99 % of the Cr given 
in the diet was recovered. The figures given for Ca absorption and con- 
sequently for retention can therefore be only minimal figures. 

The diet used was the same as in part I. Vitamin A and D were given 
weekly in amounts of 140 and 70 I.U. 

Three series of experiments were performed in rats which had been 
taken from the stock colony long before the actual experiments and had 
been used for a balance experiments (for other purposes) for many months 
prior to the experiments here presented. They were all in balance on a 
0.25% Ca diet throughout, and they had all received vitamin D in the 
preceding months. 


Results. 


The results of the three series are given in Table I. The rats in 
series I and II were transferred to the 0.04 % Ca diet one week before 
the actual balance studies began. 

The discussion of the results should be conducted from the following 
general view point. A negative balance may result from a reduced 
net-absorption or from an increase in the urinary Ca. Only an in- 


| 
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Table I. 
The Ca balance in old rats given vitamin D on low Ca diets. 


No. & 
Age sex Ca mg/day Per cent 
m.| Period Intake Urine Balance 
Series I 21 11 5 | monthly 6 0.6 + 0.03 3 +0.07 |0.04% 
22 11; 5 » 6 0.7 + 0.06 1.9 + 0.11 | throughout 
23 11} 5 » 6 0.9 + 0.17 0.5 +: 0.44 | (Transferte 
24 9 3 » 5 0.7 + 0.15 0.8 + 0.20 from 
25 8; 2 » 6 0.7 + 0.13 l.o + 0.37 i 
26 » 6 1.4+ 0.25 0.2 + 0.40 
27 5} 1 » 6 l.o+ 0.16 0.4 + 0.46 
28 $i-5 » 6 1.2+ 0.18 0.3 + 0.42 
Series II 26 + » 6 0.7 + 0.14 2.1+1.1 |0.04% 
27 | 4} » 6 | 0.6+0.17 1.7+0.8 | throughout 
28 3 | » 6 | 0.7+0.21 0.6+0.5 | (Transferrei| 
29 » 6 0.6+0.10 —0.64+0.8 | from 0.25'7 
30 3 | » 6 l.o + 0.35 0.1+0.1 
31 a » 6 1.3 0.2 
32 2 » 6 12 — 2.8 ' 
Series ITT 28 8| 3 14 40 2.6 + 0.40 4.2 +0.70 | 0.25 
8! 3 14 41 3.1 + 0.36 3.7+0.91 | 0.25 
29 8| 3 11 37 2.6 + 0.34 1.4+0.40 | 0.25 for 9d 
| 0.04 last 2 
7 6 2.8+0.33 |—4.0+ 0.49 | 0.04 
7| 3 7 7 2.4+0.33 |—2.7+0.56) » 
7 6 2.5+0.30 |_—2.3+ 0.33 » 
30 6| 3 7 6 2.6+0.28 |—2.7+0.36/| » 
7 6 2.8+0.37 |\—2.5+0.30| » 
4; 3 7 6 2.9+0.61 |—2.9+0.39/| » | 
31 4 3 15 14 2.5+0.39 | 0.2+0.60 | 0.098 
4) 3 15 13. | 2540.48 |—0.6+0.80| » 
32 4| 3 15 15 2.5+0.19 |—0.2+0.77 » I 
2|.2 15 14 3.2:+0.29 » 
33 21 2 2.7+0.37 |—0.3+0.70 » { 


crease in the urinary Ca, or a missing reduction in the urinary Ca | 
following a negative balance, can be interpreted as resulting from an | 
increased catabolism of bone tissue. 

The rats in series I and II kept their balances remarkably well. 4 | 
Some details will be of interest. 

In the early days of the 25th month (series I) four rats died and | | 
these four (included in the figures for the 24th month) lost 30, 33, 39 
and 90 mg Ca respectively in month 24. One month later two other I 
rats died, one of which retained 30 mg whereas the other lost 6 mg ( 
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in this last month of life. It happened with a few rats that they lost 
nearly 100 g body wt. in the last months of life. In two such rats 
considerable Ca losses concurred. Thus one rat which died in the 
30th month lost 240 mg Ca in the last two months of life. These losses 
represent only a few percent of the total body Ca, and it must be 
emphasised that the urinary Ca remained low in every instance. The 
losses were due entirely to increased faecal Ca. 

Series III which were started with 28 months old rats indicated a 
well kept balance on the 0.25 % level. However, when the level of 
Ca in the diet was next reduced to the 0.04 % level the balance be- 
came negative and the urinary level was not decreased. The maximal 
loss in any single rat in this period of 42 days was 172 mg. 

It will be observed that 4 rats were still alive when the table stops. 
Two of them died in the following week. The two other rats survived 
another 56 and 63 days respectively. They lost about 100 mg Ca in 
this last period of life. The urinary Ca for the last five weeks of life 
in these two rats was 2.2 mg and 1.9 mg respectively. 

It is somewhat surprising that groups of rats from the same stock 
colony show such difference in the urinary Ca output. However, 
attention should be drawn to the observations from long term experi- 
ments in man (MALM et al. 1955). Men excrete a constant amount of 
Ca in the urine over years, but the variations between individuals is 
in the range of 400—500 per cent. 

On the other hand the somewhat higher urinary Ca in series III, 
may indicate a very slight increase in the bone catabolism in these 
old rats. Since they were able to be very near to balance on the 
0.098 °% Ca diet it would seem very unlikely that these results are 
indicative of any important change in the bone tissue metabolism. 

The results achieved in series V in the preceding paper are in line 
with those here presented. The urinary Ca remained very low, and 
even sub finem vitae these rats which had lost some body Ca could 
absorb and retain Ca. 

The material here presented is of necessity limited. It is a fact how- 
ever that only sub finem vitae and concurrent to greatly reduced food 
intake did any significant loss of Ca occur. This loss was then due 
to a decreased net-absorption. 

The contrast to the results of BHARUCHA and Mc Cay (1954) is 
marked. However, they worked with much higher Ca levels in the 
diets, without Cr as a reference and with only a few ten days periods 
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and with intervals of up to a 100 days. The results here presented 
appear to be more in line with the most recent results of HENRY and 


KON (1953). 


Conclusion. 


In experiments carried out in 33 old rats until death the Ca balance 
was remarkably maintained on very low Ca diets. ! } 
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The Utilization of D-Valine for Growth in Rats. 
By 


Arvid Wretlind. 


Received 14 December 1955. 


Rose (1938) found that the substitution of D-valine for L-valine in 
the diet failed to produce growth in rats. It has, however, been shown 
by WHITE, FoNes and SoBer (1952) that D-valine is able to bring 
about growth in young rats corresponding to about half of that 
obtained with the administration of L-valine. In their experiments, 
they used Osborne-Mendel rats weighing from 110—112 g. During 
28 days before the beginning of the experiments, the rats were given 
a diet containing both the essential and non-essential amino acids 
with the exception of valine. Their body weight then fell to 60—72 g. 
When they were subsequently given 120 mg of D-valine per day, a 
gain in weight ensued. It was also shown that L-valine containing 
C'* could be isolated from the liver and muscles after the animals had 
received a diet containing D-valine with C'* in the methyl groups. 
The reason for this discrepancy with regard to the utilization of D- 
valine for growth in the rat is not apparent from these earlier experi- 
ments. A possible explanation is that normal animals were used in 
one of the investigations and protein-depleted animals in the other. 

The present investigation was made in order to obtain further 
information regarding the ability of growing rats to utilize D-valine, 
and to provide an explanation of the aforementioned discrepancy. 
It will be shown that the utilization of D-valine for growth is signifi- 
cantly smaller if D-leucine is included in the diet. 


= 
| 


o-ser | | | | 


0°? 0°? = 0°? 
07 


ploe siedsy-J 
| 
| 
| 
| 
| 
| 


ARVID WRETLIND. 


‘OU Ul ply oulwiy 


L 


a a = a 
| | | + | | 
a a 
NAN 
Oy + ° mo | 
| 
a a a = 
= 
nN = 
( 
: 
: 
{ 
Q 


THE UTILIZATION OF D-VALINE FOR GROWTH IN RATS 121 


, Experimental. 


13.0 
| 138.0 | 


D-valine was prepared by asymmetric, enzymatic hydrolysis of the iso- 
butyl ester of DL-valine according to WRETLIND’s technique (1952 a). 
Analysis of the D-valine gave the following data. 

C;H,;0,N: Calculated: N 12.0; found 12.1. 


137.1 


2 
a ee — 28.2 (c = 2, in 6 N hydrochloric acid). 


| 133.6 


The D-valine was also analyzed for the presence of L-valine, using L- 
amino acid oxidase from Crotalus adamanteus according to MEISTER, 
LEVINTOW, KINGSLEY and GREENSTEIN (1951). It was found to contain less 
than 0.02 per cent of the L isomer. 

White male rats aged 30 to 40 days were used for the experiments. They 
were kept in individual cages and allowed to eat and drink ad libitum. The 
cages were placed in a room with a constant temperature of 26—27° C. 
_ During the two days immediately before the experiments, the animals were 
f given a diet containing the same ingredients as the experimental diet, except 
that an enzymatic casein hydrolysate (Aminosol Vitrum) was substituted for 
the amino acids. This was in order to avoid the changes in weight which 
occur when animals are transferred from one type of diet to another. 

+ — The diets used are shown in Tables I a & b and II a & b. Diet 1 contained, 
in addition to D-valine, only the essential amino acids, which were supplied 
in the racemic form. The concentrations were the same as these found in 
_ earlier experiments to produce growth (WRETLIND 1950). — Diet 2 was 
. «la the same as that of Wuite ef al. (loc. cit.), with the following exceptions. 
| A salt mixture according to Jones and Foster (1942) was used instead of 
that according to HUBBELL et al. (1937). Olive oil was substituted for crisco, 
~ | and wheat germ oil and cod liver oil for mazola oil. 
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Since it was found that the animals did not grow when given diet 1, but 
that they gained in weight when diet 2 was used, the following problem 
arose. Which of the components of diet 2 promoted the stereonaturalization 
of D-valine, or what substances in diet | prevented the conversion of D- 


valine into L-valine? Diet 3 was therefore composed; it contained the same 
“|< mixture of amino acids as diet 1, but the carbohydrates, fats and salts were 
|" | those used in diet 2. This diet also failed to induce growth. A further series 
-: + :|24 Of diets (4—12) was then tested; among the variations were the removal 
is a : of certain non-essential amino acids, and replacement of the L form by the 
: : : :/") racemic form. Diets 5, 10, 11 and 12 all contained the same quantity of 
Ditg nitrogen. This was achieved by supplying additional nitrogen in the form 
tts 3 of glycine to diets 10, 11 and 12. Consequently, the only feature distinguish- 
: 3g | ing these diets was the presence or absence of the D form of leucine and 

isoleucine. 
gees * In the various experimental series, animals from the respective litters 
= 3 g = were distributed equally among the different diet groups. — In those cases 
é : ie in which the concentration of D-valine was less than 2 per cent, the diet 


was compensated by a change in the glucose or saccharose content. 
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Table I b. 


Composition of the experimental diets. 


Amino Acid Mixture in Diet no. 


13 | 14 | 15 | 16 | 17 | 18 | 19 | 


3 


—| 10.0) 12.0 —| 12.0] 12.0 

L-Lysine hydrochloride......... 18.4) 18.4; 15.0} 15.0] 15.0] 15.0 
L-Methionine.................. — | 
DL-Phenylalanine.............. —| 12.0; 12.0} 12.0] 12.0 
10.5, 10.5) 14.0! 14.0) 14.0] 14.0 
4.0 4.0 4.0 4.0 4.0 4.0 

| L-Arginine monohydrochloride. . — ~ 5.0 5.0 5.0 5.0 

2.0 2.0 2.0 2.0 2.0 2.0 

L-Hydroxyproline.............. l.o 1.0 l.o 1.0 l.o l.o 

6.0; 6.0; 6.0] 6.0}; 6.0} 6.0 


Total | 144.4| 143.5 | 147.0 | 152.2 | 148.2 | 148.2 | 148.2 | 160.) 


In the first series of experiments with diet 1, which contained the essential 
amino acids in the racemic form only, two groups of 5 rats each were used. 
One group was given the diet with 2 per cent of D-valine, and the other 
group the same diet without valine. The results are recorded in Table II a. 
In order to ascertain whether D-valine in a concentration of 2 per cent had 
a toxic effect on growth, the experiments were repeated using diet | with 
1 per cent of valine instead. In this case as well, the effect of D-valine was 
compared with that of the same diet without valine. 

A study was also made of the effect of D-valine both on the change in 
weight and on the survival time in normal and protein-depleted rats, respec- 
tively. Three groups of 10 rats each were used for this purpose. The first 
group received diet | (2 per cent of D-valine) and the second group the same 
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Table II b. 


Composition of the experimental diets. 


Amino Acid Mixture in Diet no. 


14 | 15 | 16 | 17 | 18 | 19 | 


Fig. 2 shows the effect of 2 per cent of D-valine in the aforementioned | 


Amino Acid Mixture according to 
144.4 | 143.5 | 147.0) 152.2 | 148.2 | 148.2 | 148.2) 160: 
| 20.0; 20.0} 20.0} 20.0] 10.0) 20.0; 40.0| 40)) 
183.1 | 184.0! 150.0 | 150.0 | 150.0 | 150.0 | 150.0 150.) 
40.0, 40.0, 40.0 40.0) 40.0; 40.0) 40.0) 40,j 
- 20.0! 20.0; 20.0! 20.0! 20.0) 208 
5.0 5.0 5.0 5.0 5.0} 5.0; 5.0) 
Wheat germ oil?............... 15.0| 15.0 - | T 
| Choline chloride............... l.o|: 20) 2.0]. 2.0) 
— | 600.0 | 594.8 604.8 | 594.8 | 574.8 | 56258 tc 
| {| - | - 4.0| 4.0) 408 ve 
Total | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 100) ” 
mg mg mg | mg mg mg | mg mg | 
| Thiamine hydrochloride.........; 5 5 5 5 5 5 5 di 
10 10 10 10 10 10 10 10 | 
| Pyridoxine hydrochloride.......) 5 5 5 5 5 5 5 55 
Calcium-d-pantothenate........ 5 5 25 25 25 25 25 | Oe Pp 
eee 10 10 5 5 5 5 5 5h re 
p-Aminobenzoic acid........... 300 | 300 «6300 (300 «#6300 630) ct 
| 2-Methyl-1,4-naphthoquinone .... 2 2 2 2 2 
1 “No, 12” Jones and Foster 1942. th 
2? With 0.2% of a-tocopherol. 
us 
| sh 
va 
diet but without valine. The third group was given diet | without valine for | ap 
the first 12 days, and thereafter diet 1 with 2 per cent of D-valine. The | as 
resulting changes in weight and the mortality are shown in Fig. 1. Di 
The experiments with the other diets were made as follows. In some 1 let 
cases, the effect on growth was studied either of a single diet, or of the | pe 
effect of this diet in comparison to that of a diet without valine. In other | ¢ 
cases, series of comparisons were made between the different diets, in order | pa 
to determine the factor which is decisive for the utilization of D-valine | we 
for growth. are 
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(30) | 
4642) 


(39) 


Fig. 1. The effect on growing rats of D-valine in a diet with the essential amino 
acids in the racemic form only. Each curve represents the mean value for 10 rats. 
The figures in brackets denote the mean body weight. In curves II and III, the 
figures in brackets at the end of the curve give the weight of the last rat in the 
series on the day before death. ¢ denotes the death of an animal. — Curve I refers 
to the experiments with diet 1 (2% of D-valine) and curve II to diet 1 without 
valine. The animals represented by curve III were given the diet without valine 
up to the point marked by the arrow, and thereafter diet 1 (2 % of D-valine). 


diets on the growth of young rats. Both the rapid onset of the change in 
weight following the addition of D-valine to the various diets, and the 
possible adaptation of the animals are evident from the weight curves. The 
results are summarized in Table III a, in which the calculations of the 


changes in weight and the intake of food are also recorded. 


During the above-mentioned experiments, the question arose if the inhibi- 
ting effect of D-leucine on the body’s utilization of D-valine was a general 
one, or if it was also dependent on variations in the other components of 
the diet. The reason this question was raised is that Rose stated, in a personal 
communication, that he did not obtain growth with D-valine, despite the 
use of the L form of leucine. 

As the first step in solving this problem, an investigation was made to 
show the effect of D-leucine and of D-isoleucine on the utilization of D- 
valine, when the diet given by WHITE ef al. (/oc. cit.) was used. Diets 13 
and 14 were composed for this purpose. Their composition was the same 
as that of diet 2 (according to WHITE ef al.) with the following exceptions. 
Diet 13 contained 2 per cent of DL-leucine instead of 1 per cent of L- 
leucine, and in diet 14, 0.8 per cent of L-isoleucine was replaced by 1.6 
per cent of DL-isoleucine. The nitrogen content of the diets was kept 
constant by a change in their glycine content (Tables I b and II b). A com- 
parison was then made in experimental series XII between the change in 
weight and the food intake with these three diets 2, 13 and 14. The results 
are shown in Table III b. 

In addition, a similar investigation was made of the effect of DL-leucine 
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109 


Fig. 2. The effect of 2 per cent of D-valine in the diet on the growth of young rats. 

The curves show the mean values for the experiments recorded in Table III. 

The numbers of the curves refer to the respective diets. In those cases in which 

the same diet was used in different series, the number of the series is added to 
the number of the diet. 


on the utilization of D-valine when a diet was given which, on broad lines, 
was the same as that used by Ross in his experiments (cf. WRETLIND and ROsE 
1950). Thus, diet 15 had the same amino acid composition as ‘‘Mixture 
XXIII’ (cf. Rose, OESTERLING and WoMACK 1948) and contained 2 per 
cent of D-valine, but differed in that isoleucine was present in the L form 
instead of in the racemic form (Tables I b and II b). Furthermore, corn oil 
and vitamin A and D concentrate were replaced by olive oil and cod liver 
oil. Liver extract (Wilson’s liver powder 1:20) was excluded. Diet 16 
differed from diet 15 only by the substitution of DL-leucine for L-leucine. 
The growth and food intake of the rats given these two diets are recorded 
in Table III b, series XIII. 

Rose (personal communication) also stated that, in later experiments as 
well, he found no gain in weight with the use of D-valine. Consequently, 
diets were composed which, except for minor deviations, were identical to 
those used by him. Thus, as far as the amino acid composition was con- 
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cerned, diet 17 was identical to that of Rose, and contained 1 per cent of 


D-valine. Olive oil and cod liver oil were, however, substituted for corn 
oil and vitamin A and D concentrate. Since it appeared likely that RosE’s 


| failure to obtain growth with this diet was due to the fact that the con- 


centration of D-valine was only 1 per cent, diet 18 was composed. It differed 
from diet 17 in that its concentration of D-valine was 2 per cent. Table III b, 
series XIV, shows the effect on the weight and the food intake of these 


two diets. 
Since it was found that Rose’s diet produced better growth when it con- 


tained 2 per cent of D-valine than 1 per cent, the experiment was repeated 
with diet 19. It was identical to diets 17 and 18, except that it contained 4 
per cent of D-valine. In order at the same time to ascertain the effect of 
D-leucine on the utilization of D-valine, diet 20 was given in the same 
series. This diet differed from diet 19 by the substitution of DL-leucine for 
L-leucine. The results are recorded in Table III b, series XV. 


Results and Discussion. 


When diet 1 — which contained the essential amino acids in the 
racemic form only — was given, no growth resulted (Fig. 2). In 
experiments with the same diet containing only | per cent of D-valine, 
the loss of weight was about the same as with 2 per cent of D-valine 
(Table III). It is however, apparent from the experiments (Table III) 
that the loss of weight with the 2 per cent D-valine diet was less than 
with the diet devoid of valine. The difference in the weight loss 
(1.1 g/day) is significant (p < 0.001). This implies that part of the 
D-valine supplied was stereonaturalized into L-valine and thus 
resulted in some synthesis of body protein. The loss of weight was 
also significantly less with the diet containing | per cent of D-valine 
than with the valine-free diet. In this series (I]), 2 of the controls died 
in the course of the experiment, presenting a picture of severe cachexia. 
It is, however, evident from series I and II that the amount of D-valine 
converted by the organism into the L form was about the same, 
irrespective of whether the concentration of D-valine in the diet was 
1 or 2 per cent. 

When the diet containing the racemic form of the essential amino 
acids was given for a longer period, it was found (Fig. 1) that the 
animals on the 2 per cent D-valine diet (curve I) lost considerably 
less weight than those on the diet without valine (curve II). It may 
also be inferred from curves I and II that the animals given the 
valine-free diet died far earlier than did those given a diet with 2 per 
cent of D-valine. Thus, all 10 animals on the valine-free diet died 


9—553010. Acta phys. Scandinav. Vol. 36. 
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within 27 days, whereas after 47 days — when the experiment was 
ended — only 1 out of the 10 animals on the 2 per cent valine diet 
had died. 

In these experiments, there is a significant difference between the 
loss of weight with the diet containing 2 per cent of valine and with 
that devoid of valine. Moreover, the appetite of the animals was 
found to be considerably better when 2 per cent of valine was in- 
cluded in the diet. Curve III shows that, when the animals on a 
valine-free diet were transferred after 12 days to a 2 per cent D-valine 
diet, they survived for considerably longer and lost less weight than 
animals who continued with the valine-free diet. Within 48 days of 
the transfer to the D-valine diet, all the animals were dead. 

A comparison was also made between the change in weight in 
animals given a diet containing 2 per cent of D-valine preceded by a 
valine-free diet, and in those given the same diet without such pre- 
treatment; no significant difference was found. It may therefore be 
concluded that there was no appreciable change in the ability of the 
animals to utilize the D-valine supplied after protein depletion. On 
the other hand, the general resistance was considerably decreased in 
comparison to that of the animals on the 2 per cent valine diet. This 
is apparent from the fact that the animals pre-treated with a diet 
devoid of valine died earlier than these who had not undergone such 
treatment. All the animals that died exhibited signs of cachexia, but 
the neurological symptoms of valine deficiency described by Rosé 
and EppsTEIN (1939) were not observed. 

Consequently, the experiments show that the addition of D-valine 


to a valine-free diet containing only the essential amino acids in the | 


racemic form cannot bring about growth in young rats. This applies 
irrespective of whether or not they have previously been protein- 


depleted. If all the D-valine were converted into the L form in such 

a way that it could be wholly utilized for protein synthesis, growth | 
would be maximal. Under the experimental conditions in question, 
this would imply a gain in weight of 1.2 + 0.05 g/day (WRETLIND 
1949). By interpolation of these earlier curves, it can be computed 

that the loss of weight occurring in the present experiments is the 
same as that obtained with a diet containing about 0.2 per cent of | 
L-valine. This shows that the utilization is extremely poor and that, | 
when the diet contains 2 per cent of D-valine, only about one tenth ' 
is converted into the L form. 
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It may be inferred from Fig. 2 (curve 2) that administration of 
diet 2 according to WuiTE et al. (loc. cit.) produced satisfactory growth. 
It was therefore evident that certain components of diet 1 or diet 2 
must be responsible for this marked difference in the effect on growth. 
Diet 3 was then prepared; it consisted of the amino acids from diet 1 
and the carbohydrates, fats and vitamins from diet 2. A loss of weight 
was noted with this diet (Fig. 2, curve 3). Consequently, since the 
effect on D-valine could not be attributed to the carbohydrate, fat or 
vitamin content, it was necessary to ascribe it to some difference in 
the amino acid mixtures in the respective diets. 

The next diet tested was no. 4; it was distinguished from diet 2 by 
the removal of the non-essential amino acids alanine, cystine, glycine, 
serine and tyrosine. This produced satisfactory growth (Fig. 2, curve 
4), thus indicating that these amino acids had no great influence on 
the stereonaturalization of D-valine. 

Diet 5 was prepared for the next experiments; its components were 
the same as those of diet 4, except that the L form of histidine, iso- 
leucine, leucine, lysine, phenylalanine and tryptophane was replaced 
by the racemic form. It was found that this diet was unable to produce 
growth, but could prevent a loss of weight (Fig. 2, curve 5). Con- 
sequently, since it was evident that some of these D forms of the 
amino acids supplied in the racemic form was presumably able to 
inhibit the stereonaturalization of D-valine, diet 6 was composed. It 
was similar to diet 5, except for the substitution of the L form of 
isoleucine aad ‘eucine for the racemic form. Good growth was 
produced with this diet (Fig. 2, curve 6). In order to obtain additional 
evidence of this important difference between the two diets, a com- 
parison was made between two groups of 5 rats each (series VIII), 
one group being given diet 5 and the other diet 6. It is clearly shown 
by both Fig. 2 and Table III a that, in this case as well, there is a 
significant difference between the growth with the two diets. In order 
to ascertain whether this also applied when only the essential amino 
acids were present, corresponding experiments were made with diets 
7and 8. Diet 8 contained all the amino acids in the racemic form, and 
diet 7 differed from it only by the presence of isoleucine and leucine 
in the L form. Here again, it was found that growth was better on a 
diet containing the L form of leucine and isoleucine than on a diet in 
which they were given in the racemic form (Fig. 2). 

To determine whether diet | would also be able to produce growth 


| 
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with D-valine if isoleucine and leucine were given in the L form, diet 
9 was composed. Its components were the same as those of diet 1, 
except for the substitution of the L form of isoleucine and leucine. 
The addition of glycine made its nitrogen content the same as that 
of diet 1. A comparison between the effect of these two diets (series X) 
showed that diet 1 produced a loss of weight, whereas there was a 
moderate gain in weight with diet 9, the difference being significant. 

Four diets were compared in the last series (XI). One was diet 5, 
which had not resulted in any appreciable gain in weight in earlier 
experiments. Diet 12 differed from diet 5 by the replacement of DL- 
isoleucine by the L form. Diet 11 contained L-leucine instead of 
DL-leucine, and diet 10 contained both isoleucine and leucine in the 
L form. The nitrogen content of all four diets was the same; this was 
achieved by the addition of glycine. It is evident from Fig. 2 that 
growth was produced by diets 10 and 11, whereas both diet 12 and 
diet 5 were associated with a loss of weight. The differences between 
the change in weight produced by diets 10 and 11 and by diets 5 and 
12 were significant. On the other hand, no significant difference was 
present between the effect of diets 10 and 11, nor between that of 
diets 12 and 5. The last-mentioned comparison shows that the stereo- 
naturalization of D-valine is inhibited by D-leucine but not by D- 
-isoleucine. This fact is of great interest, and is in agreement with the 
results of earlier investigations (WRETLIND 1952 b), in which it was 
demonstrated that the stereonaturalization of D-methionine is in- 
hibited in the presence of other D-amino acids. 

From Table III b and Fig. 3 it is evident that the diet originally 
used by WHITE ef al. (loc. cit.) also produced a gain in weight only 
when leucine was given in the L form. With DL-leucine, growth was 
entirely inhibited, whereas it was uninfluenced by the replacement of 
L-isoleucine by the DL form. 

The same influence of DL-leucine on the effect on growth of D- 
valine was noted with a diet similar to that used by Rose. Thus, it is 
seen from series XIII in Table III b and from Fig. 3 that diet 15 
produced a gain in weight. Diet 16, on the contrary, resulted in a loss 


of weight. The only difference between the two diets was that diet 16 | 


contained DL-leucine instead of the L form present in diet 15. 


Series XIV showed, in agreement with Rose’s observations, that | 


the diet containing 1 per cent of D-valine used by him did not produce 
growth. When the D-valine content was increased to 2 per cent, a 
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Fig. 3. The effect of D-valine in the diet on the growth of young rats. The curves 

show the mean values for the experiments recorded in Table III b. The numbers 

of the curves refer to the respective diets. In those cases in which the same diet 

was used in different series, the number of the series is added to the number of 
the diet. 


slight gain in weight was recorded. Judging by these results, the effect 
on growth is better when 2 per cent of D-valine is given. Consequently, 
it seemed likely that a still better result would be obtained by a further 
increase in the concentration of D-valine. That this view is correct is 
substantiated by series XV with 4 per cent of D-valine, in which the 
very satisfactory gain in weight of 1.9 g/day was noted (Fig. 3). 
There was a significantly smaller increase in weight when DL-leucine 
was included in the diet (diet 20). It is apparent from series XIV and 
XV that the growth of rats given a diet containing D-valine depends 
on its concentration, and that relatively large quantities of D-valine 
must be supplied in order to produce maximum utilization. 

As far as the intake of food is concerned, it was found to run 
parallel with the changes in weight (Table III a & b). With a great 
loss of weight or poor growth, the appetite was poor, and the greater 
the increase in weight, the better was the appetite. 

It is seen from the weight curves in Fig. 2 that the difference in the 
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effect of D-valine in diets with and without D-leucine is apparent at 
once, and that no form of adaptation as regards better utilization of 
D-valine in the presence of D-leucine can be noted. — It may, how- 
ever, be inferred from Table III that, even when D-leucine is included 
in the diet, par of the D-valine is utilized for the synthesis of body 
protein. Thus, in series I, III and IV, the loss of weight was consider- 
ably less with D-valine than without it. This shows that the mecha- 
nism for the utilization of D-valine is not entirely blocked by D- 
leucine, but that the inhibition is only partial. When D-valine is given 
to the rats as the only source of valine, a synthesis of body protein is 
obtained which is proportional to the difference in the increase in 
weight with this diet and with a diet which lacks valine. The concentra- 
tion of L-valine that must be given to obtain this difference can be 
calculated from earlier investigations (ROsE 1937, 1938, WRETLIND 
1949). The percentage of D-valine converted into L-valine and utilized 
to synthetize body protein can then be calculated from D-valine and 
L-valine concentrations producing the same weight changes. These 


calculations have shown that about 10—25 % (depending on the diet) | 


of the D-valine is utilized when the diet contains L-leucine and a 
much lower percentage when leucine is given as DL-leucine. 

In a study of the effect of acetyldehydroamino acids on growth, 
Woop, Coo.ey and KELLEY (1950) showed that a-ketoisovaleric acid 
produced growth in rats. It has also been shown in other experiments 
(WRETLIND 1952) that a-ketoisovaleric acid resulted in the same 
quantitative growth in rats as valine. It has been convincingly dem- 
onstrated by the latter investigation that the organism rapidly and 
effectively converts a-ketoisovaleric acid into L-valine. If it is assumed 
that the stereonaturalization of D-valine into the L form takes place 
via a-keto acid, it is probable that inhibition of this stereonaturaliza- 
tion does not occur on amination of a-ketoisovaleric acid, but that 
it is brought about during the oxidative phase of deamination. It 
seems justifiable to conclude, on the basis of the aforegoing results, 
that D-leucine may cause competitive inhibition of the deamination 
of D-valine. — Another possibility is that D-valine is easily excreted 
through the glomeruli, and that possible reabsorption through the 


tubules is prevented by means of blocking with D-leucine. Whatever 
the explanation may be, the observations imply that the utilization 
of D-valine by the organism — which necessitates its stereonatural- 
ization — is specifically inhibited by the presence of D-leucine. Con- 
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sequently, in future studies of the effect of D-valine or DL-valine on 
growth, it is necessary to bear in mind the possible occurrence of 
D-leucine. The experiments reported in this paper thus provide an 
explanation of the earlier discrepancies with regard to the utilization 
of D-valine for growth in rats. 


Summary. 


An investigation has been made to ascertain the reason for the 
difference between the results of earlier workers with respect to the 
utilization of D-valine for growth. 

It was found that 2 per cent of D-valine in a diet containing the 
essential amino acids in the racemic form was unable to produce 
growth either in normal or in protein-depleted rats. In similar experi- 
ments with the diet used by WHITE, FoNes and Soper, D-valine was 
found to produce growth. 

A systematic study was made of the factors distinguishing the two 
diets. It was shown that neither the vitamin content, fat content, type 
of carbohydrates, non-essential amino acids, nor the optical activity 
of histidine, isoleucine, lysine, methionine, phenylalanine or trypto- 
phane was of any great importance in this respect. On the other hand, 
it was observed that when the diet contained the racemic form of 
leucine, D-valine failed to produce growth or gave a very poor 
growth. When the racemic form of leucine was replaced by the L 
form, D-valine was much better utilized and brought about a gain 
in weight. 

These experiments clearly showed that the conversion of D-valine 
into the L form is inhibited by D-leucine. This is in agreement with 
earlier investigations, in which it has been shown that the D form of 
certain amino acids influences the utilization of D-methionine. It is 
stressed that it is therefore necessary, in future studies on nutrition, 
always to bear in mind the possibility of competitive inhibition in 
the utilization of the D-amino acids by the organism. 

The reason for which D-valine does not produce growth in certain 
cases, even when the diet contains L-leucine, has been found to be 
an insufficient concentration of D-valine. 


| 
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| 
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Supersensitivity and Amine Oxidase Activity 
in Denervated Salivary Glands. 
By 
B. C. R. Strémblad. 


Received 15 December 1955. 


In previous investigations the effect of parasympathetic denervation 
on the sensitivity to acetylcholine and the cholinesterase activity has 
been studied in salivary glands of cats (STROMBLAD 1955 b and 1956 a). 
It is well known that denervation of the salivary glands produces a 
sensitization not only to acetylcholine but also to adrenaline. It was 
therefore of interest to examine the effect of denervation on enzymes 
which are able to destroy adrenaline. Since not only sympathetic, 
but parasympathetic denervation also causes a supersensitivity to 
adrenaline, the effect of both types of denervation was studied. 

There is no general agreement as to the mechanism responsible for 
adrenaline breakdown in the body, but local destruction by amine 
oxidase has been considered as one of the more likely mechanisms. 

It has, in fact, been claimed that the supersensitivity of the nicti- 
tating membrane that follows sympathetic denervation is due to a 
fall in amine oxidase activity (BURN and RoBINSON 1952, 1953, BURN 
and TRENDELENBURG 1954). On the other hand, in the iris (and in 
the foreleg arteries) of the cat (BURN, PHILPOT and TRENDELENBURG 
1954) there is no decrease in amine oxidase activity after sympathetic 
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denervation although there is a sensitization towards adrenaline in 
the iris. Similar results were obtained for the ear vessels of the rabbit 
by ARMIN, GRANT, THOMPSON and TICKNER (1953), who found a 
supersensitivity to adrenaline but no decrease in amine oxidase 
activity after sympathetic denervation. 

In the present investigation there are three main sections. In the 
first section evidence is provided that the salivary glands of the cat 
contain an amine oxidase with high activity towards tyramine. The 
activity of this enzyme in normal parotid and submaxillary glands is 
given in section two. The third section reports the outcome of experi- 
ments on enzymic activity and secretory responses to adrenaline and 
noradrenaline after sympathetic or parasympathetic denervation of 
the salivary glands of one side three weeks earlier. The experiments 
of section 1 and 2 were carried out in the Department of Pharma- 
cology, Oxford. My thanks are due to Professor J. H. BURN and Dr. 
H. BLascHKo for their hospitality and advice during my stay in 
Oxford. 


Methods. 


Fifty-two cats weighing 2.5—3.5 kg were used for the experiments. The 
denervations were made in nembutal anaesthesia (30 mg/kg intraperitone- 
ally). The parotid and submaxillary glands were sympathetically denervated 
by excision of the superior cervical ganglion. Preganglionic parasympathetic 
denervations were carried out on both types of glands; in a further series 
the parotid glands were postganglionically denervated. The operations on 
the nerves to the parotid gland were performed as described in an earlier 
paper (STROMBLAD 1955 a). 

Three weeks after the operations the cats were anaesthetized with chlor- 
alose (about 80 mg/kg after preliminary ether anaesthesia) and the sub- 
maxillary and parotid ducts were cannulated (each cannula gave 190—200 
drops for 5 cc of distilled water). Adrenaline and 1-noradrenaline in doses 
of 0.5; 1; 2; 5; 10; 20; and 50 wg/kg were injected into a cannula in the 
femoral vein and the drops of saliva falling were counted. The animals were 
then killed by air embolism and the glands were removed, carefully cleaned, 
washed in saline solution, dried between filter papers, weighed and stored 
for some hours at — 20°C. Not denervated glands were obtained from 
cats shortly after decapitation, but they were treated exactly in the same 
way. The glands were cut with scissors, homogenized in a glass homo- 
genizer and the volume made up to 5 cc by adding sodium phosphate buffer 
M/15 pH 7.4. The homogenates were frozen solid and stored at — 20°C 
until the next day when quantitative estimations of enzymic activity were 
made manometrically by Warburg’s method. 
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2.0 ml of the extract was used in each manometer vessel (volume about 
15 ml); in addition each vessel contained 0.7 ml phosphate buffer, 0.3 ml 
1-M KOH (centre compartment) and in the side arm either 0.3 ml H,O or 
‘0.3 ml M/10 tyramine HCl, the vessel with H,O in the side arm serving as 
“enzyme blank”. The substrate was added after 10—15 min. of temperature 
equilibration, the gas was O, and the temperatur2 37° C. 

Readings were taken at 5-min. intervals during the first 25 minutes and 
were corrected for changes in thermobarometer and ‘‘enzyme blank’’. The 
activity was in several cases followed for 2 hours and a slight decrease in 
reaction velocity was found to occur after the first 25—30 minutes. The 
enzymic activity was calculated from the values between 5 and 20 minutes 
and expressed as ul O, consumed per Lour per gland (total amount) and as 
pl O, consumed per hour per gram of tissue (concentration). The rate of 
oxygen uptake in the ‘‘enzyme blank” was between 1/, and 3/, of that in 
the vessel containing tyramine; this was subtracted in the calculation of 
enzymic activity. 

In some experiments, to be described later, other substances were added; 
these were dissolved in buffer solution and replaced a corresponding volume 
of the usual buffer. 

Glass-redistilled water was used in all experiments. 


Results. 
1. The Enzyme Studied. 

In some preliminary experiments with extracts of cat liver various 
substrates were tried: tyramine, /-phenylethylamine, iso-amylamine 
and sympatol. The oxygen consumption was much bigger in vessels 
containing tyramine than in vessels containing the other amines; it 
was therefore decided to use tyramine as substrate in the subsequent 
experiments. 

The salivary gland extracts were found to oxidize tyramine (all 
tables). That an aldehyde was formed was demonstrated by the 
qualitative dinitrophenylhydrazine test described by PUGH and 
QUASTEL (1937). 

The addition of KCN in amounts giving a molarity of 10-* after 
tipping reduced the oxygen uptake to 75 % in submaxillary and 72 % 
in parotid glands (double estimations on pooled extracts); the KCN 
solution was neutralized to bromthymol blue with N-HCI and the 
potash tube contained 0.3 ml of the appropriate KCN-KOH mixture 
described by UmsreiT, Burris and STAUFFER (1945). The reduced 
oxygen consumption in vessels containing KCN may well have been 
due to inhibition of the oxidation of the aldehyde formed. 
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Pentamidine and propamidine are known to be strong inhibitors 
of amine oxidase (BLASCHKO and DUTHIE 1945). In some experiments 
with pooled submaxillary and pooled parotid extracts, pentamidine 
and propamidine isethionate* in various concentrations were added 
to the main compartment. The oxygen uptake was considerably 
lessened; with a final molarity of pentamidine isethionate of 10-* the 
inhibition was complete in both parotid and submaxillary glands, 
while the same concentration of propamidine caused an inhibition 
by 87 % of submaxillary and 90 % of parotid gland extract activity. 
The values given were mean of double estimations. The figures for 
the degree of inhibition obtained are similar to those reported by 
BLASCHKO and DUTHIE (1945). 

The enzyme in salivary glands responsible for the oxidation of 
tyramine closely resembled amine oxidase and hence the enzyme will 
be called amine oxidase in the following sections of this paper. 


2. Normal Glands. 


Amine oxidase activity. The amine oxidase activity was studied in 
19 pairs of normal salivary glands (9 pairs of submaxillaries and 10 
pairs of parotids). The values obtained can be seen in table I and 
table II. It is apparent that there were great differences in enzymic 
activity between the glands of various animals whereas the two fellow 
glands of the same animal were rather similar. The mean value for 
the total enzyme content (ul O,/hour/gland) of right gland in per cent 
of its contralateral left gland of each animal was 105.0 + 4.67 (9) for 
the submaxillaries and 98.7 + 4.30 (10) for the parotids. The weights 
of the two glands constituting a pair were very similar and thus the 
values for concentration (ul O,/hour/gram) in the two fellow glands 
were also very similar. The mean value for each right gland in per 
cent of its left gland calculated for concentration figures was 103.6 + 
5.77 (9) for the submaxillary and 102.4 + 5.90 (10) for the parotid 
glands. 

The total amount and concentration of amine oxidase was higher 
in submaxillary than in parotid glands [mean values for concentration 
| in right glands: submaxillaries: 206 +. 21.3 (9), parotids: 105 + 15.7 
(10); mean values for total amount in right glands: submaxillaries: 
217 + 39.8 (9), parotids: 95 + 15.4 (10)]. 


. My thanks are due to May & Baker Ltd, Dagenham, England, for generous 
supply of the drugs. 
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3. Denervated Glands. 
A. Parasympathetically Denervated Submaxillary Glands. 


Amine oxidase activity. In 16 cats the chorda tympani of the right 
side was cut and the amine oxidase activity of both glands was 
estimated. The figures for enzymic activity obtained are shown in 
table 

The figures for total amount and for concentration of enzyme for 
right glands were expressed as a percentage of the corresponding 
figures for left glands. The mean percentages for denervated right in 
terms of control left were 62.8 + 4.66 (16) for total amount of enzyme 
and 91.8 + 6.96 (16) for concentration of enzyme. The figures ob- 
tained in section 2 for concentration in the group of normal animals 
and those in the group of operated animals do not differ significantly 
(0.2 << P < 0.3) whereas the figures for total amount in the two 
groups differ at the level of P < 0.001. 

The mean values (concentration and total amount) for left glands 
of the non-operated group are slightly higher (table I: concentration: 
205 + 23.4 (9); total amount: 204 + 34.9 (9)) than the corresponding 
values in the group of operated cats (table III: concentration: 152 + 
18.3 (16); total amount: 167 +- 16.9 (16)), but there is no significant 
difference between the corresponding values (concentration: 0.05 < 
P <0.1; total amount: 0.3 < P < 0.4). 

In conclusion it may be said that the total amount of enzyme in 
submaxillary glands decreases after preganglionic parasympathetic 
denervation whereas there is no demonstrable difference in the con- 
centration of enzyme. Furthermore there may be a decrease in enzyme 
in the gland contralateral to a denervated gland, but this decrease 
is not certain. 

Sensitivity. The well-known supersensitivity to adrenaline and nor- 
adrenaline in submaxillary glands after section of chorda tympani 
was found to be present in the glands used for amine oxidase estima- 
tions. The secretory responses to 5 wg/kg of adrenaline and 20 uwg/kg 
ci |-noradrenaline found for these animals are given together with 
the figures for enzymic activity in table III. 


B. Parasympathetically Denervated Parotid Glands. 
Amine oxidase activity. In 9 cats the right parotid gland was pre- 
ganglionically denervated and in 10 other cats the left gland was 
postganglionically denervated. 
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Preganglionic denervation (table IV) did not affect the amine 
oxidase activity significantly; this was true both when total amount 
and when concentration of enzyme in the glands was considered. 
The mean percentage of concentration of enzyme in the right gland 
in terms of the left gland was 117.9 + 13.30 (9) for the series of 
denervated animals and 102.4 -++- 5.90(10) for the series of not operated 
animals (section 2); the corresponding figures for total amount of 
amine oxidase in each gland was 93.8 +. 9.53 (9) for the denervated 
animals and 98.7 + 4.30 (10) for the normal animals (section 2). 

Postganglionic denervation, on the other hand, affected the total 
amount of enzyme in the parotid gland (table V). The mean percentage 
for the total amount of enzyme in the left gland in terms of that in 
the right gland was 103.3 + 5.10 (10) in the normal series (table II) 
and 82.4 + 3.93 (10) in the series where the left gland had been post- 
ganglionically denervated. The two values differ significantly; P<0.01. 
The concentration of enzyme was, however, less affected by post- 
ganglionic denervation; the mean values for normal (101.1 + 6.93 (10), 
table II, column 11) and operated animals (88.4 + 4.14 (10), table V, 
column 14) did not differ significantly; 0.1 << P < 0.2. 

The mean values for total amount and concentration in non- 
operated parotid glands are very similar in the series of normal glands 
and in the series where the contralateral gland was either pre- or 
postganglionically denervated. 

Sensitivity. The secretion evoked by 50 mg/kg of adrenaline and 
l-noradrenaline is shown in table IV (right gland preganglionically 
denervated) and in table V (left gland postganglionically denervated). 
It is obvious from the figures given that both pre- and postganglionic 
denervation have caused a supersensitivity to these amines. 


C. Sympathetically Denervated Submaxillary Glands. 


Amine oxidase activity. The right superior cervical ganglion was 
excised in 11 cats and the amine oxidase activity in the submaxillary 
glands was estimated. The figures arrived at are shown in table VI. 

Both total amount and concentration of enzyme in sympathetically 
denervated glands were higher than the corresponding values for 
normal animals (concentration: 112.0 +. 9.89 (11) per cent and total 
amount: 120.0 + 10.95 (11) per cent). The differences were, how- 
ever, not statistically significant; (concentration: 0.4 < P < 0.5; total 
amount: 0.2 < P < 0.3). 


10~—553010. Acta phys. Scandinay. Vol. 36. 
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glands. 


It is concluded that excision of the superior cervical ganglion does 


not cause a reduction in amine oxidase activity of the submaxillary 
gland of the cat. 


The mean values for enzymic activity in the sympathetically de- 
nervated glands and their contralateral glands (table VI) are of the | 
same order of magnitude as the corresponding figures for the normal : 


Sensitivity. Removal of the superior cervical ganglion can produce | 


supersensitivity to adrenaline and noradrenaline in the submaxillary © 


gland (SIMEONE and Maes 1939, EMMELIN and MuREN 1951). The 
supersensitivity is, however, less striking than that obtained after 
section of the chorda and sometimes no supersensitivity to adrenaline 
can be found; the supersensitivity to noradrenaline is found more 
regularly (EMMELIN and MurREN 1951). The present experiments fully 
confirmed these findings (table VI). 


D. Sympathetically Denervated Parotid Glands. 


Amine oxidase activity. Just as with submaxillary glands it was found | 
that the mean values for enzymic activity of the sympathetically de- | 


nervated parotid (table VII) was higher than those of normal glands 
(table II). The mean values for the sympathetically denervated right 
parotid as compared with the left gland (concentration: 121.1 + 6.39 
(10) per cent; total amount: 121.8 + 7.56 (10) per cent) differed 
significantly from the corresponding values of the normal series 
(concentration: 102.4 + 5.90 (10) per cent; total amount: 98.7 +. 4.30 
(10) per cent; table II). The P values were: for concentration < 0.05 
and for total amount < 0.02. 

Sensitivity. Excision of the superior cervical ganglion almost 
regularly caused a supersensitivity of the parotid gland to adrenaline 
and |-noradrenaline (table VII). 


Discussion. 


The submaxillary and parotid glands of the cat were found to con- 
tain considerable amounts of amine oxidase. The submaxillary gland 
was a richer source of enzyme than the parotid gland. Secretory cells 
in both types of glands can be excited by stimulation of the cervical 
sympathetic chain and by sympathicomimetic amines. It is of interest 
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to note that these procedures evoke secretion from the submaxillary 
gland more readily than from the parotid gland. 

The activity of amine oxidase in salivary glands does not, however, 
seem to be dependent on the release of sympathetic transmitter sub- 
stances. No decrease in amine oxidase activity occurred in the sub- 
maxillary gland after sympathetic ganglionectomy; in the parotid 
gland there was even an increase in enzymic activity. On} the other 
hand, the results of the present investigation show that there is a 
decrease in total amount of amine oxidase in the submaxillary gland 
after section of chorda tympani, although no adrenergic fibres have 
been found in the chorda (CATTELL, WOLFF and CLARK 1934, EMME- 
LIN and MUREN 1950). 

A decrease in cholinesterase activity has been seen after sympathetic 
denervation. BURN and PHILPoT (1953) observed a fall in true cholin- 
esterase in the nictitating membrane and a fall in pseudocholinesterase 
in the iris after excision of the superior cervical ganglion. The nicti- 
tating membrane is known to get some cholinergic fibres via the 
superior cervical ganglion (BACQ and FREDERICQ 1935, confirmed by 
BURN and TRENDELENBURG 1954). ARMIN, GRANT, THOMPSON and 
TICKNER (1953) demonstrated a fall in cholinesterase activity in the 
ear vessels of the rabbit after sympathectomy; in the same paper the 
authors demonstrated cholinergic fibres in the sympathetic supply to 
these vessels. The fall in pseudocholinesterase in the iris after sympa- 
thetic denervation can, at the present state of our knowledge, not be 
attributed to degeneration of cholinergic fibres. 

It has thus been found that pseudocholinesterase may decrease after 
section of adrenergic nerves, and amine oxidase after cutting cholin- 
ergic nerves. The activity of these two enzyme systems does therefore 
not seem to be dependent on the release of the appropriate trans- 
mitter substances. 

The parotid gland may be sensitized to adrenaline and noradrena- 
line by pre- or postganglionic parasympathetic denervation and by 
excision of the superior cervical ganglion. Excision of the ganglion 
causes an increase in amine oxidase activity and preganglionic para- 
sympathetic denervation does not affect the enzymic activity. Thus it 
seems improbable that a decrease in amine oxidase activity is the main 
cause of the supersensitivity to adrenaline and noradrenaline after 
denervation of the parotid gland. 

The supersensitivity to adrenaline and noradrenaline in the sub- 
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maxillary gland is much more pronounced after parasympathetic than 
after sympathetic denervation. The total enzymic activity is lessened 
after section of the chorda but not after excision of the superior 
cervical ganglion. Enzyme decrease does thus not seem explain the 
supersensitivity after ganglionectomy, but may be the factor respon- 
sible for the greater supersensitivity after cutting the chorda as com- 
pared with ganglionectomy. 

It should be noticed that in this investigation different substances 
have been used to study the degree of sensitization and the enzymic 
activity. Experiments reported in a separate paper (STROMBLAD 1956 b) 
showed that tyramine is not suited as a secretory agent in this type of 
experiments. Tyramine was, on the other hand, found to be the best 
substrate for the enzyme estimations. 


Summary. 


1. Amine oxidase was demonstrated in the submaxillary and paro- 
tid glands of the cat. 

2. Section of chorda tympani induces a fall in amine oxidase in the 
submaxillary gland. Postganglionic, but not preganglionic, para- 
sympathetic denervation of the parotid gland causes decreased amine 
oxidase activity in the gland. 

3. Excision of the superior cervical ganglion causes no fall in amine 
oxidase activity in salivary glands; in the parotid gland there is even 
an increased enzymic activity. 

4. All types of denervation mentioned cause a supersensitivity to 
adrenaline and noradrenaline in the glands. The relation between 
amine oxidase decrease and supersensitivity after denervation is 
discussed. 

This work was supported by a grant from the Faculty of Medicine 
in Lund. 

Technical assistance was given by Miss Asta Hector. 


References. 


Armin, J., R. T. GRANT, R. H. S. THOMPSON and A. TiICKNER, J. Physiol. / 
1953. 603. 

Baca, Z. M. and H. Frepericg, Arch. int. Physiol. 1935. 40. 297. 

BLASCHKO, H. and R, Dutuie, Biochem. J. 1945. 39. 347. 


than 
lessened 
superior 
the 


respon- 
as com- 


bstances 
enzymic 
» 1956 b) 
s type of 
the best 


nd paro- 


ise in the 
c, para- 
>d amine 


in amine 
e is even 
itivity to 
between 


vation is 


Medicine 


Physiol. 


AMINE OXIDASE ACTIVITY IN SALIVARY GLANDS. 153 


Burn, J. H. and F. J. Poirot, Brit. J. Pharmacol. 1953. 8. 248. 

— — and U. TRENDELENBURG, Brit. J. Pharmacol. 1954. 9. 423. 

— and J. Rosinson, Brit. J. Pharmacol. 1952. 7. 304. 

— — J. Physiol. 1953. 120. 224. 

— and U. TRENDELENBURG, Brit. J. Pharmacol. 1954. 9. 202. 

CATTELL, M., H. G. Wocrr and D. CLark, Amer. J. Physiol. 1934. /09. 375. 

EMMELIN, N. and A. Muren, Acta Physiol. Scand. 1950. 2/. 362. 

— — Acta Physiol. Scand. 1951. 24. 103. 

PuGH, C. E. M. and J. H. QuASTEL, Biochem. J. 1937. 31. 2306. 

SIMEONE, F. A. and J. P. Mags, Amer. J. Physiol. 1939. 125. 674. 

STROMBLAD, R., Acta Physiol. Scand. 1955 a. 33. 83. 

— Acta Physiol. Scand. 1955 b. 34. 38. 

STROMBLAD, B. C. R., Acta Physiol. Scand. 1956 a. 36. 47. 

— Acta Physiol. Scand. 1956 b. 36. 154. 

UmprelT, W. W., R. H. Burris and I. F. StauFFeER, Manometric Techniques 
and Related Methods for the Study of Tissue Metabolism. Minneapolis: 
Burgess Publishing Co. 1945. 


From the Institute of Physiology, University of Lund, Lund, Sweden. 


Tyramine as a Secretory Agent in the 
Submaxillary Gland of the Cat. 


By 
B. C. R. Strémblad. 


Received 15 December 1955. 


In a series of experiments (STROMBLAD 1956 a) on denervated 
salivary glands the amine oxidase activity of the glandular tissue was 
measured in an attempt to put the “enzyme theory” of sensitization 
after denervation to the experimental test. The sensitivity of the gland 
cells to chemical agents and the enzymic activity had to be estimated. 
It seemed desirable to use the same agent for estimation of sensitivity 
and enzymic activity. Tyramine was found to be the best substrate in 
the enzyme experiments; a secretory effect of tyramine has been 
reported by DALE and Dixon (1909) and an attempt was therefore 
made to use this drug when estimating the sensitivity also. For reasons 
to be given subsequently tyramine could not be used for this purpose. 
The present paper reports the experiments in which tyramine was 
studied as a secretory agent. 

Methods. 


Fifteen cats were used for the experiments. The animals were given 
chloralose (about 80 mg/kg intravenously after preliminary ether anaes- 
thesia) and the submaxillary ducts were cannulated with small glass cannulae 
(each cannula gave 190—200 drops for 5 cc of distilled water). Tyramine 
HCl and other sialogogue agents were injected into a cannula in the femoral 
vein and the drops of saliva falling were counted. 

All animals used had been operated on three weeks earlier; the chorda 
tympani had been cut or the superior cervical ganglion excised on one side. 
Further procedures are given in the text below. 
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Results. 


Tyramine was found to cause a secretion from the submaxillary 
gland. The doses used in most experiments were of the order of 
100 wg/kg. A striking observation was that the secretory effect de- 
creased with repeated injections. In one cat, for instance, (treated 
with Hoechst 9980, vide infra) 100 g/kg of tyramine HCl was in- 
jected every 15 min. The first injection caused a flow of 28 drops and 
the secretory response diminished with each dose, the sixth injection 
causing only | drop. Two hours later the response was still only | 
drop. The secretory effect of adrenaline, on the other hand, remained 
the same throughout the experiment. 

Effect of denervation. Since there was a pronounced tachyphylaxis 
against tyramine it was decided to make all comparisons for the first 
dose, usually 100 wg/kg. Degenerative section of chorda tympani was 
found to cause a supersensitivity to tyramine (see the table). After 
excision of the superior cervical ganglion, on the other hand, no 
secretion was obtained, not even in the two experiments of the table, 
in which doses as big as 200 and 500 wg/kg were given. To obtain 
more information on the effect of ganglionectomy, in two cases, the 
chorda was cut on the same side as the ganglion was removed. Three 
weeks later these animals were tested. No secretion was obtained from 
the denervated glands after injection of 100 ug/kg of tyramine. Acute 
excision of the ganglion did not, however, prevent the secretory 
response. In one cat (treated with Hoechst 9980; vide infra) 100 wg/kg 
caused a secretion of 181/, drops from the parasympathetically 
denervated side and 161/, drops from the contralateral side. The 
ganglion was then removed on the denervated side and the same 
dose of tyramine now gave 3 drops from the denervated and | drop 
from the other side. 

Treatment with Hoechst 9980. Hoechst 9980 is a parasympathicolytic 
agent. Long-continued treatment (one to two weeks) with this drug 
causes a supersensitivity to adrenaline and noradrenaline in the sub- 
maxillary gland (EMMELIN and HENRIKSSON 1953, STROMBLAD 1956 b). 
After treatment with Hoechst 9980* for some time (9—15 days; 
1 mg/kg/day subcutaneously) injections of tyramine caused the not 


* My thanks are due to the firm Webass Ltd, Gothenburg, for kindly supplying 
the drug. 
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| Dose of | Secretory response | 


| in drops 
kg. | Operated | Intact | 
HB/KB. |; side | . side 
1 | 100 | 13% 
2 100 | 373/, 2'/, | }Chorda cut 3 weeks earlier. 
3 100 | | 0 
4 500 0 7*/, _|\Superior cervical ganglion excised 
5 200 0 1'/, ||3 weeks earlier. 
6 100 28 18 9 days 
7 100 181/, 16}/, Chorda cut Treated with |11 » 
8 100 19 22 |¢3 weeks Hoechst 9980 {11 » 
9 100 38'/. Jearlier. for 14 » 
10 100 35 34 iS.» 
11 100 0 0 |)Chorda cut Treated with (10 days 
12 100 |73 weeks pilocarpine {9 » 
100 \Jearlier. for | 9 » 
14 100 0 \Chorda cut ont 
15 100 0 0 gang ion excised on the same side 
3 weeks earlier. 


denervated gland to secrete as much as the gland with the chorda 
cut three weeks beforehand (see the table). 

Treatment with pilocarpine. Injections with pilocarpine repeated 
for some time (9—10 days; 0.5 mg/kg in the morning and | mg/kg 
in the evening) abolish the supersensitivity to adrenaline and nor- 
adrenaline otherwise regularly found in the submaxillary gland after 
degenerative section of chorda tympani (for ref. see EMMELIN 1952 
and STROMBLAD 1956 b). Similar results were found for tyramine in 
three cats tested (see the table). 


Discussion. 


Tyramine has been assumed to possess a dual mode of action on 
sympathetically innervated structures, an indirect and a direct one | 
(for ref. see BURN 1953 and FurcuGotT 1955). The finding of the 


present paper that previous extirpation of the superior cervical | . 


ganglion renders tyramine ineffective as a secretory agent suggests | 
that some kind of indirect effect of tyramine is mainly responsible for 
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the effect observed on the submaxillary gland. This observation, and 
the pronounced tachyphylaxis observed, is the reason why tyramine 
could not be considered a suitable drug in experiments designed to 
study the process of sensitization after denervation. 

It is interesting to find, that parasympathetic denervation causes a 
supersensitivity to tyramine in the submaxillary gland. In this case, 
too, the indirect effect of tyramine seems to play the main réle, since 
no secretion was obtained if the sympathetic ganglion had also been 
excised in advance. 

BuRN (1953) considered the indirect effect of tyramine to be due 
to a competetive inhibition of amine oxidase; thereby increasing the 
effect of the sympathetic transmitter. It is in this connexion remarkable 
that the effect of tyramine was greater after parasympathetic denerva- 
tion and continued “‘atropinization”, procedures which cause a re- 
duction in the amine oxidase activity of the submaxillary gland 
(STROMBLAD 1956 a and b). 

Summary. 


The secretory effect of tyramine on variously treated submaxillary 
glands was investigated. It was found that: 

1. Previous parasympathetic denervation causes a supersensitivity 
to tyramine. 

2. Previous sympathetic denervation abolishes the response to 
tyramine. 

3. Long-continued treatment with an atropine-like drug (Hoechst 
9980) causes a supersensitivity to tyramine. 

4. Long-continued treatment with pilocarpine abolishes the super- 


sensitivity to tyramine otherwise found after parasympathetic de- 


nervation. 
Technical assistance was given by Miss Asta Hector. 
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Amine Oxidase in Salivary Glands after Prolonged 
Treatment with Pilocarpine or 
an Atropine-like Substance. 
By 


B. C. R. Strémblad. 


Received 15 December 1955. 


In continuation of previous work (STROMBLAD 1955 and 1956 a, b 
and c) on enzymes and sensitization by denervation the amine oxidase 
activity in salivary glands after “‘atropinization”’ and pilocarpinization 
has been studied in the present investigation. 

The effect of the treatment given was assessed on animals the 
salivary glands of which: had been parasympathetically denervated on 
one side. Glands denervated in this way described in an earlier paper 
(STROMBLAD 1956 b) were used as controls in the present study. 


Methods. 


Twenty-six cats weighing 2.5—4 kg were used for the experiments. The 
right chorda tympani (preganglionic fibres to the submaxillary gland) and 
the left auriculo-temporal nerves (postganglionic fibres to the parotid gland) 
were cut in nembutal anaesthesia (30 mg/kg intraperitoneally). Treatment 
with the atropine-like drug H6 9980* (for ref. see STRGOMBLAD 1956 a) or 


pilocarpine was instituted some days after the operation and was continued | 


until 16—20 hours before the acute experiment. 


* My thanks are due to the Firm Webass, Gothenburg, for generous supply 
of the drug. 
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Three weeks after the operation the animal was given chloralose (80 mg/kg 
intravenously after preliminary ether anaesthesia) and the secretory effect 
of adrenaline and 1-noradrenaline was tested. 

The salivary glands were then removed and the amine oxidase activity 
in glandular extracts was estimated using Warburg’s method. The enzymic 
activity was expressed as 41 O, consumed per hour per gland (total amount) 
and as wl O, consumed per hour per gram of tissue (concentration). The 
doses of H6 9980 and of pilocarpine used and the methods of estimating 
the sensitivity and enzymic activity were the same as described in the papers 
quoted above. Furtiier procedures are given in the text below. 


Results. 
Control Experiments. 


In some experiments with pooled extracts from submaxillary and 
parotid glands H6 9980 hydrochloride or pilocarpine hydrochloride 
in various concentrations were added to the main compartment of 
the manometer vessels. The drugs were dissolved in 0.3 cc buffer 
solution and replaced 0.3 cc buffer solution. 

The activity in these vessels was measured at the same time as the 
activity in vessels containing the same reaction fluid but for the drugs 
mentioned above. The results of these experiments are given in table I. 
The enzymic activity was practically the same whether the drugs were 
added or not. Thus it may be concluded that the drugs in the con- 
centrations used have no disturbing effect on the enzyme estimations. 

The biggest dose of pilocarpine added was 5 mg. The gland extracts 
were made up to 5.0 cc and 2.0 cc was used in each manometer vessel. 
Thus 5 mg in a vessel corresponds to 12.5 mg in a whole gland. The 
cats were in the experiments to be described in the next section treated 
with injections of pilocarpine for not longer than 10 days with 1.5 
mg/kg a day, that means 15 mg/kg was injected during the whole 
course of treatment. Since the glands weigh about | g each it is 
obvious that the concentration of pilocarpine used in the experiments 
described in this section cannot have been exceeded in the mano- 
meter experiments of the actual series reported on in the following 
parts of this paper. 

Similar calculations can be made for H6 9980 concentration in the 
glands. 

It is thus apparent that no interference with the enzyme estimations 
can be caused by the drugs as used for long-continued treatment. 


B. C. R. STROMBLAD. 


Table I. 


Pilocarpine. 


Parotid gland extract Submaxillary gland extract 
mg. pilo- mg. pilo- 
carpine O, con- carpine wLO,con- | ul O, con- 
Cat hydro- | sumed/hour sumed/hour Cat hydro- | sumed/hour) sumed/hou 
chloride in vessel in vessel ints chloride in vessel in vessel 
in reaction | without with * | in reaction, without with 
fluid pilocarpine pilocarpine fluid pilocarpine | pilocarpine 
(3.0 ml) (3.0 ml) 
1+2 0.3 | 105 105 1+2 5 | 310 | 315 
3+4 0.5 110 | 100 3+4 0.5 245 245 
344 5 | 110 15 |34+4 2 245 | 245 
| | | 3+4 245 | 210 
H6 9980. 
Parotid gland extract Submaxillary gland extract 
mg. H69980) 111, con- | O, con- mg. H69980) 110, con- | yl O, 
hydro- hydro- 
sumed/hour sumed/hour /sumed/hour sumed/hour 
| Cat | chloride Cat chloride 
| vessel in vessel | vessel in vessel 
fluid without with | fluid | without | with 
(3.0 ml) H6 9980 | H6 9980 | (3.0 ml) | H6 9980 | H6 9980 
0.2 10 
|5+6 2 70 55 | 5+6 | | 200 200 
|7+8 0.2 50 65 7+8 | 0.2 195 200 
Z 2 | 195 170 


| 7+8 


50 40 7+8 


Treatment with Pilocarpine. 
A. Submaxillary Glands. 
Sensitivity. The supersensitivity to adrenaline and 1-noradrenaline 
regularly found in submaxillary glands after degenerative section of 
chorda tympani can be prevented or abolished by treatment with 


pilocarpine for about a week (for ref. see EMMELIN, 1952). This effect 
of treatment with pilocarpine in the animals used in the present in- 
vestigation is obvious if the figures for secretion evoked by adrenaline 
and 1-noradrenaline (table II) are compared with the figures for a | 
similar series of animals not treated with pilocarpine as given e.g. by | 
STROMBLAD (1956 b, table III). 

Amine oxidase activity. Treatment with pilocarpine influenced the 
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quotient of amine oxidase activity between a parasympathetically 
denervated and a normally innervated gland. The mean of the values 
for denervated gland in per cent of innervated gland calculated for 
each animal (table I]) was 101.8 + 6.77 (8) for total amount and 
123.2 + 10.22 (8) for concentration. These values differ significantly 
from the corresponding values found for a similar series not treated 
with pilocarpine (STROMBLAD 1956 b: 62.8 + 4.66 (16) for total 
amount and 91.8 + 6.96 (16) for concentration); the P values were: 
< 0.001 for total amount and < 0.02 for concentration. 

This difference may be due to a decrease in enzymic activity in 
innervated glands or to a prevention of the decrease in enzymic 
activity that follows denervation or to both these factors. To analyse 
this the mean values (table II) for the activity in denervated and inner- 
vated glands were compared with the corresponding values for the 
series of untreated cats. It was found that all values for the treated 
series were higher than the corresponding values for the untreated 
series. The mean values for the innervated glands of the treated 
group (table II, total amount: 213 + 21.8 (8), concentration: 189 + 
22.4 (8)) do not differ significantly from the corresponding values 
found in the series of animals not treated with pilocarpine (STROM- 
BLAD 1956 b: 167 + 16.9 (16) for total amount and 152 + 18.3 (16) 
for concentration); the P values being greater than 0.1 and 0.2 for 
total amount and concentration figures, respectively. There is, on the 
other hand, a significant difference between the corresponding values 
for the denervated glands in the treated series (table II: 212 + 18.1 (8) 
for total amount and 225 + 25.0 (8) for concentration) and the 
denervated glands in the untreated series (STROMBLAD 1956 b: 97 + 
6.9 (16) for total amount and 129 + 12.8 (16) for concentration); 
the P values being < 0.001 for total amount figures and < 0.01 for 
concentration figures. 

In conclusion it may be said that treatment with pilocarpine prevents 
the fall in amine oxidase activity otherwise found after degenerative 
section of chorda tympani. 


B. Parotid Glands. 


Table III. 


Sensitivity. Treatment with pilocarpine was found to prevent the | 


supersensitivity to adrenaline and 1-noradrenaline in the denervated 
parotid gland. This conclusion is substantiated by a comparison be- 
tween the figures given for secretion in treated animals (table II], 
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column 4, 5, 6 and 7) and the series of not treated animals (STROm- 
BLAD 1956 b: table V, column 3, 4, 5 and 6). 

Amine oxidase activity. Just as with submaxillary glands it was 
found that the values for mean percentage of the parasympathetically 
denervated gland in terms of the normally innervated gland both for 
total amount and concentration in the series treated with pilocarpine 
differed significantly from the corresponding values for the series of 
untreated animals. 

Thus the value for total amount in the present series (table III, 
column 14) was 112.4 + 5.79 (7) per cent while the corresponding 
value for the control series was 82.4 -+ 3.93 (10) per cent. The diffe- 
rence is highly significant (P < 0.001). The value for concentration 
in the present series (table III, column 15) was 111.6 + 6.25 (7) per 
cent and the corresponding value for the control series was 88.4 + 
4.14(10) per cent. The difference is significant on the level of P < 0.01. 

The differences observed above seem to be due to a prevention of 
the decrease in enzymic activity that follows denervation when no 
treatment is given. The mean values for enzymic activity in normally 
innervated glands of the treated and not treated series are both for 
total amount and for concentration strikingly similar (total amount: 
treated: 104 + 8.3 (7); not treated: 107 + 8.5 (10); concentration: 
treated: 135 + 17.2 (7); not treated: 136 + 17.2 (10)). After injec- 
tions of pilocarpine the mean values for enzymic activity in denervated 
glands are, however, considerably higher in the treated series than in 
the untreated series. The mean value for total amount (table III, 
column 8) 116 + 8.3 (7) differs on the level of P < 0.05 from the 
corresponding value found for not treated animals (88 + 6.9 (10)). 
The difference between the values found for concentration in the 
denervated glands in the two series (treated: 149 + 17.5 (7); not 
treated: 118 + 13.8 (10)) is, however, not statistically significant 
(0.1 < P < 0.2). 


Treatment with Hé 9980. 
A. Submaxillary Glands. 


Sensitivity. A supersensitivity to adrenaline is known to develop in 


salivary glands after treatment of the animal for a week or two with | 
H6 9980 (see STROMBLAD 1956 a). The treatment increases the sen- { 


sitivity of the glands to about the level reached after parasympathetic 
denervation. In table IV it can be seen that the secretory effect of 
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adrenaline and 1-noradrenaline was about the same in denervated 
and not denervated glands after treatment with H6 9980. That this 
result is due to an increased sensitivity of the normally innervated 
gland is revealed when the figures are compared with those oi un- 
treated glands given in the preceeding paper (STROMBLAD 1956 b, 
table III). 

Amine oxidase activity. The mean percentage of right denervated 
gland in terms of left unoperated gland was (table IV) 106.8 + 9.35(10) 
for total amount and 169.9 + 17.44 (10) for concentration values. 
A comparison between these figures and those found for the control 
series (STROMBLAD 1956 b: 62.8 + 4.66 (16) for total amount and 
91.8 + 6.96 (16) for concentration) shows highly significant diffe- 
rences between the corresponding values (P < 0.001). 

Are these differences due to a prevention of the fall in activity in 
the denervated gland, as in the group treated with pilocarpine, or 
to a fall in enzymic activity in the not denervated gland or to both 
these factors? The mean values (table IV) for total amount (82 + 13.6 
(10)) and concentration (113 + 17.9 (10)) of enzyme in the denervated 
glands of the treated series are less than the corresponding values 
found for the not treated series (STROMBLAD 1956 b: 97 + 6.9 (16) 
for total amount and 129 + 12.8 (16) for concentration), but the 
differences are not statistically significant. However, the values for 
enzymic activity in the glands of the unoperated side in the treated 
series (79 + 11.8 (10) for total amount and 71 + 11.0 (10) for con- 
centration) are significantly lower than the corresponding values in 
the not treated series (STROMBLAD 1956 b: 167 + 16.9 (16) for total 
amount and 152 + 18.3 (16) for concentration); P < 0.001. 

Thus a decrease of the amine oxidase activity in normally inner- 
vated submaxillary glands after treatment with H6 9980 is evident 


both when enzymic activity is calculated as total amount and as 


concentration. 

The mean percentage of right denervated gland in terms of left 
unoperated gland calculated as concentration (169.9 + 17.44 (10)) is 
astonishingly high and differs significantly (P < 0.01) from the value 
(103.6 + 5.77) (9)) for the mean percentage of normal right gland in 
terms of normal left gland as reported earlier (STROMBLAD 1956 b, 
table I). This must mean that the treatment has decreased the con- 
centration of enzyme in the normally innervated gland more than 
denervation and the same treatment together in the denervated gland. 
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li should be emphasized that, in contrast to section of chorda tympani, 
treatment with Hé 9980 does not seem to cause a reduction in weight 
of the glands (table IV). 


B. Parotid Glands. 


Sensitivity. Treatment with H6 9980 causes a supersensitivity to 
adrenaline and 1-noradrenaline in the parotid gland just as in the 
submaxillary gland. The effect is obvious if the figures for secretion 
obtained from treated glands (table V) are compared with those from 
uninjected animals (STROMBLAD 1956 b: table V). 

Amine oxidase activity. The mean percentage of left denervated 
gland in terms of right normally innervated gland (table V) calculated 
for total amount (100.3 + 8.80 (9)) and for concentration (105.9 + 
9.45 (9)) do not differ significantly from the corresponding values 
found for denervated not treated glands (STROMBLAD 1956 b: 82.4 + 
3.93 (10) for total amount and 88.4 + 4.14 (10) for concentration); 
the P values being: 0.05 < P < 0.1 for total amount and 0.1 < P< 
0.2 for concentration. It is evident, however, that there is a tendency 
to equalization of the differences between a denervated and a nor- 
mally innervated parotid gland similar to that demonstrated in sub- 
maxillary glands. 

The figures for enzymic activity (table V) in both denervated and 
in normally innervated glands are very low and differ significantly 
from the corresponding values obtained for not treated glands (total 
amount figures: 61 + 4.2 (9) for treated denervated and 88 + 6.9 (10) 
for not treated denervated, P < 0.01; 65 + 7.5 (9) for treated un- 
operated and 107 + 8.5 (10) for not treated unoperated, P < 0.01; 
concentration figures 84 + 7.6 (9) for treated denervated and 118 + 
13.8 (10) for not treated denervated, P < 0.05; 85 + 11.8 (9) for 
treated unoperated and 136 + 17.2 (10) for not treated unoperated, 
P < 0.05). The treatment has thus decreased the enzymic activity 
both in normally innervated and in denervated parotid glands. 


Discussion. 


The experiments showed that treatment with pilocarpine prevents | 


the development of the supersensitivity to adrenaline and noradrena- 
line and the fall in total amount of amine oxidase in salivary glauds 
known to occur after parasympathetic denervation of the glands. It 
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was further shown that long-continued treatment with a parasympa- 
thicolytic agent can induce a supersensitivity to adrenaline and nor- 
adrenaline and lower the amine oxidase activity in salivary glands at 
least to the level of a parasympathetically denervated gland. These 
results seem to support the hypothesis that enzyme decrease is the 
cause of supersensitivity after denervation because 1) when enzyme 
decrease is prevented there is no supersensitivity and 2) a decrease in 
enzymic activity, brought about by treatment with a parasympathico- 
lytic drug, is accompanied by a supersensitivity. There may be a 
cause-relationship, but it may also be a mere parallelism as pointed 
out earlier (STROMBLAD 1956 a). The conclusion drawn from the 
results reported in an earlier paper (STROMBLAD 1956 b), that amine 
oxidase decrease may play some part, in the process of sensitization 
to adrenaline and noradrenaline after nerve section, is not invalidated 
by the present observations. 

The results here reported are of interest from the point of view 
that “atropinization” and pilocarpinization can induce changes in 
amine oxidase, and support the suggestion of a previous paper 
(STROMBLAD 1956 b) that amine oxidase activity in an organ is not 
dependent entirely on the release of transmitter substance at adren- 
ergic fibres. It may be that the activity of amine oxidase is related to 
the state of activity in the organ. If this is true for amine oxidase it 
seems remarkable that acetylcholine splitting enzymes are not in- 
fluenced in the same manner; it was shown by STROMBLAD (1956 a) 
that treatment with pilocarpine can affect acetylcholine splitting 
enzymes whereas “‘atropinization”’ is without appreciable effect. 

One of the observations made in the series of animals treated with 
the atropine-like drug should be given attention since it may throw 
some light on the question whether enzymic activity should be cal- 
culated per weight or per whole organ. The submaxillary gland is 
known to decrease considerably in weight after section of the chorda. 
“Atropinization” does not cause a similar reduction in weight although 
a sensitization of the same order of magnitude is produced. The 
amine oxidase activity calculated per organ is about the same in a 
denervated as in an “‘atropinized” gland, whereas the concentration 
is significantly less in the normally innervated “atropinized” gland 
as compared with a denervated “‘atropinized”’ gland. This fact seems 
to indicate that calculations per organ are more justified than cal- 
culations per weight unit in experiments of this type. 
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Summary. 


1. Long-continued treatment with pilocarpine prevents the fall in 
amine oxidase activity and the supersensitivity to adrenaline and nor- 
adrenaline in salivary glands that otherwise follow parasympathetic 
denervation. 

2. Long-continued treatment with a parasympathicolytic agent 
(H6 9980, Hoechst) causes a fall in amine oxidase and a supersensi- 
tivity to adrenaline and noradrenaline in salivary glands. 


This work was supported by a grant from the Faculty of Medicine 
in Lund. 
Technical assistance was given by Miss Asta Hector. 
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Sensitization of the Lachrymal Gland by Treatment 
with a Parasympathicolytic Agent. 
By 


N. G. Emmelin and B. C. R. Strémblad. 


Received 15 December 1955. 


Changes similar to those which take place after parasympathetic 
denervation have been found to develop in salivary gland cells under 
the influence of parasympathicolytic drugs. A supersensitivity to 
chemical agents has thus been demonstrated in the submaxillary 
gland (EMMELIN and MureN 1950, EMMELIN and HENRIKSSON 1953) 
and in the parotid gland (STROMBLAD 1956) of cats treated for some 
time with atropine or a pharmacologically related drug (H6 9980, 
Hoechst). It seemed of interest to see if a supersensitivity can be 
brought about in other organs than salivary glands by such a treat- 
ment. The lachrymal gland was chosen as a suitable preparation. It 
is supplied with parasympathetic fibies; it can be excited, in the 
presence of atropine, by adrenaline (LANGLEY 1901). 


Methods. 


The experiments were made on 12 cats. Repeated observations were made 
in evipan anaesthesia with some days interval. The anaesthetic was admin- 
istered intracardially, after initial ether, and adrenaline was given by the 
same route. With the cat resting on its back a bulldog clip was attached to 
hairs near the rim of the superior eyelid so as to allow the tears to collect 
in the upper fornix. The fluid was gently sucked into a glass capillary and 
the column of fluid measured. 50 mm of distilled water was found to corre- 
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spond to 3.8 mg. For comparison the secretion of saliva was recorded. For 
this purpose the submaxillary ducts were cannulated from the mouth. 

In three of the cats the superior cervical ganglion of one side was removed, 
in nembutal anaesthesia, 1—2 weeks before the observations started. Six 
cats were treated with H6 9980 (piperidino-aethyl-diphenyl-azetamid 
hydrochloride, Hoechst).* The drug was given subcutaneously once a day, 
in most experiments in a dose of 1 mg/kg. 


Results. 


Adrenaline in doses of 5— 10 ug/kg was found to cause a lachrymal 
secretion. The amount of tears produced in normal cats by 5 ug/kg 
was of the order of 20 mm, on the average, but it varied considerably 
between different animals. During treatment with H6 9980 the sensi- 
tivity to adrenaline increased markedly. Previously ineffective doses 
were found to give an effect, and the amount produced in response 
to bigger doses was greater than at the beginning. The figure shows 
the effect of treatment with H6 9980 in one cat. The lachrymal 
secretion evoked by a standard dose, 5 uwg/kg, is given. It can be seen 
that during the treatment with H6 9980 the secretory response in- 
creased gradually to reach a maximum after two—three weeks. The 
sensitivity remained at this level as long as H6 9980 was administered, 
and then declined. A similar curve was obtained when the treatment 
with H6 9980 was repeated later on. For comparison the salivary 
secretion, in response to 10 uwg/kg of adrenaline, is shown. 

Previous removal of the superior cervical ganglion was, likewise, 
found to produce a supersensitivity of the lachrymal gland to adren- 
aline. It was, however, much less than that caused by H6 9980. In 
one of the ganglionectomized cats treatment with Hé 9980 was 
started. The adrenaline sensitivity was found to increase on both 
sides, but it remained higher on the operated side than on the intact 
side during the treatment. 


Discussion. 


Like the salivary glands the lachrymal gland is assumed to be 
supplied both with parasympathetic and sympathetic secretory fibres 
(HERZENSTEIN 1867, DEMTSCHENKO 1872, SCHIRMER 1909). According 
to LANGLEY (1901) and Mags (1938) sympathetic denervation causes 
a supersensitivity in the lachrymal gland; our experiments agree with 


* We are indebted to the Firm Webass, Gothenburg, for generous supply of 
this drug. 
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TEARS SAUVA 
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Fig. 1. Secretion of tears (solid line) in response to 5 ug/kg of adrenaline, and 

secretion of saliva (broken line) in response to 10 ~g/kg of adrenaline. The abscissa 

gives the dates of the experiments. Ordinate to the left: tears, mm., to the right: 
drops of saliva. 


this finding. As far as we can see no experiments have been carried 
out to investigate the sensitivity of this gland to chemical agents after 
parasympathetic denervation. Our observation that treatment with 
a parasympathetically blocking agent causes a supersensitivity sug- 
gests that section of the parasympathetic fibres would cause a super- 
sensitivity. The parasympathetic nerve is supposed to be the main 
secretory nerve, just as in the salivary glands. It is interesting to find 
that the supersensitivity brought about by treatment with H6 9980 
is much more pronounced than that caused by sympathectomy, both 
in the lachrymal gland and the salivary glands. It is further found 
that one type of supersensitivity can be superimposed on the other 
in the lachrymal gland; this is true for the submaxillary gland also 
(EMMELIN and MurReEN 1951 a). 

The existence of a paralytic secretion of tears has been discussed 
by HERZENSTEIN (1867). Since the lacrymal gland can acquire a high 
degree of supersensitivity to adrenaline it is possible that such a 
paralytic secretion can be explained as due to adrenaline released 
from the suprarenals under certain experimental conditions as has 
been suggested for the paralytic secretion of the submaxillary gland 
(EMMELIN and MureN 1951 b). 
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Summary. 


The secretory effect of adrenaline on the lachrymal glands was 
studied in repeated experiments on cats. Treatment of the cats for 
some weeks with a parasympathicolytic agent (Hé 9980, Hoechst) 
was found to cause a pronounced supersensitivity of the glands to 
adrenaline. 

Technical assistance was given by Miss Ursula Delfs. 
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Functional Organization of the Dorsal Spino-Cerebellar 
Tract in the Cat. 


I. Recording of Mass Discharge in Dissected Flechsig’s Fasciculus. 
By 
Y. Laporte, A. Lundberg and O. Oscarsson. 


Received 20 December 1955. 


Electrophysiological examination of the dorsal spino-cerebellar 
tract began with the work by GRUNDFEST and CAMPBELL (1942). 
They stimulated different peripheral nerves and recorded the dis- 
charge by means of a needle electrode inserted into the dorsal part 
of the lateral funicle of the spinal cord. They found that the neurons 
with axons in this part of the cord could be activated from the muscle 
afferents. The postsynaptic discharge resulting from a single volley 
in the primary afferent neuron was often longlasting and these authors 
presented evidence for the existance of internuncial chains of varying 
degrees of complexity. LLoyp and McINTyrE (1948) using the same 
type of recording found the conduction velocity of the fastest fibres 
in the dorsal spino-cerebellar tract to be 109 m/sec. They found that 
the relay (occurring at the caudal end of Clarke’s column) between 
the primary afferent neurons and the secondary tract neurons was 
monosynaptic for the early part of the postsynaptic discharge. They 
questioned the need for invoking internuncial circuits to explain the 
later part of the discharge. LLoyp and McINTyRE showed that trans- 
mission differed characteristically from transmission to the motor 
nuclei, with considerable summation being requisite in the latter case 
but not in the former. 
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When studying the inflow to the lateral cervical nucleus, which 
projects to the ipsilateral cerebellar cortex (REXED and BRODAL 1951) 
BRODAL and RExeED (1953) observed that some of the afferent fibres 
to this nucleus have their origin at levels of the cord below the col- 
umn of Clarke. 

Recently GRUNDFEST and coworkers have resumed the study of 
spino-cerebellar pathways. GRUNDFEST and CARTER (1954) did record 
an early discharge in the contralateral inferior olive on stimulation 
of either muscle or skin nerves. The second order neurons responsible 
for this activation were found to have their axons in the dorsal part 
of the ipsilateral lateral funiculus and their cells at approximately LV. 
Di BiaGio and GRUNDFEST (1955) found the conduction velocity of 
the fastest fibres of this spino-olivary tract to be between 55—75 m/sec. 

Our experimental interest arose from the repetitive discharge re- 
corded in what we propose to call Flechsig’s fasciculus. With intra- 
cellular recording technique it ought to be possible to decide whether 
one postsynaptic potential could be responsible for such a discharge. 
However, actual experiments soon demonstrated that a single volley 
mediated by group I muscle afferents gave in Flechsig’s fasciculus a 
well synchronized spike, that activation of high threshold muscle 
afferents cause a longlasting discharge, and that, on stimulation of 
skin nerves a longlasting discharge is always found even at threshold 
stimulation. These experiments were much facilitated by the technique 
of recording from the dissected fasciculus in the same way as has 
been done by RuDIN and EISENMAN (1951, 1954) for the study of 
properties of fibres in the spinal cord. In a second paper are presented 
the results from experiments with intra-axonal recording from fibres 
in Flechsig’s fasciculus on electrical stimulation of various peripheral 
nerves and in a third paper experiments with the same type of re- 
cording combined with adequate stimulation. 


Methods. 


The cats were anesthetized with nembutal 40 mg/kg intraperitoneally and 
laminectomized at two levels: in the middle thoracic region for recording 
of the mass discharge in the fasciculus and in the lower lumbar region for 
recording of the incoming volley in a dorsal root filament. For recording 
of the mass discharge the spinal cord was transected in the middle thoracic 
region and the dorsal column removed for a stretch of about 2 cm below 
the section. Thereafter the dorso-lateral column was sectioned longitudi- 
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15m sec sec 


Fig. 1. Recording from the dissected Flechsig’s fasciculus in the middle thoracic 

region. Records 1 and 2 were obtained when the superficial peroneal nerve was 

stimulated (at the ankle), and 3 and 4 with stimulation of the quadriceps nerve. 

The two lower records (2 and 4) were taken after a superficial incision (shown in 

the figure) had been made in the dorso-lateral part of the cord about one centi- 
meter caudal to the dissected fasciculus. 


nally so that a free end of the dorsal part with a cross section of very ap- 
proximately one tenth of the spinal cord could be lifted up and the fasciculus 
placed on electrodes just as when recording from a peripheral nerve. 
Naturally there are other ascending fibres in this dissected Flechsig’s 
fasciculus than those belonging to the dorsal spino-cerebellar tract. 

For histological control of lesions the cord was fixed in 10 per cent 
formalin. Serial sections 50 4 thick were cut with the freezing technique 
and examined unstained in the microscope. 


Results. 
1. Recording from the dissected Flechsig’s fasciculus. 


When recording from the dissected fasciculus dissected free as 
described above a discharge is found both when stimulating skin 
nerves and when stimulating muscle nerves. In Fig. 1, record 1, is 
seen the discharge resulting from stimulation of the ipsilateral super- 
ficial peroneal nerve at the ankle and in record 3 from stimulation 
of the ipsilateral quadriceps nerve. It is apparent that the typical 
longlasting discharge found by GRUNDFEST and CAMPBELL and by 
Lioyp and McIntyre only occurs when the skin nerve is stimulated. 
The response to muscle nerve stimulation is mainly a well syn- 
chronized volley. The corresponding records 2 and 4 were obtained 


12—553010. Acta phys. Scandinav. Vol. 36. 


178 Y. LAPORTE, A. LUNDBERG AND O. OSCARSSON. 


im sec 


Fig. 2. The lower two records were obtained from the dissected Flechsig’s fasci- 
culus in the high thoracic region and the upper ones after the fasciculus had been 
dissected anew, 98 mm more caudally. Records 1 and 2 were obtained on stimula- 
tion of the biceps posterior + semitendinosus nerves and 3 and 4 on stimulation of 
the superficial peroneal nerve at the ankle. The conduction velocity of the fastest 
fibres is in both cases 100 m/sec. Stimulation preceded the start of the sweep. 


after a section of the cord shown in the Fig. It is evident that most 
of the fibres conducting the skin discharge are located in the classical 
region of the dorsal spino-cerebellar tract. If the dissected fasciculus 
was stimulated no impulse could be recorded in the peripheral nerves, 
whereas on stimulation of the dorsal column similarly dissected the 
expected impulse could be recorded in the dorsal roots and in the 
skin nerves. 

LLoyD and MCINTYRE when measuring conduction velocity of the 
fastest fibres in Flechsig’s fasciculus stimulated dorsal roots. To 
judge from the records obtained, they did stimulate also skin fibres 
and experiments were therefore performed to measure conduction 
velocity of the fastest fibres activated on separate stimulation of 
muscle and skin nerves. Such an experiment is illustrated in Fig. 2. 
The two lower records were obtained in the high thoracic region and 
the two upper records 98 mm more caudally. The conduction velocity 
of the fastest fibres is 100 m/sec independently of whether skin or 
muscle nerves is stimulated. This was the lowest value found (three 
experiments) the maximal being 110 m/sec. 

Lioyp and MCINTYRE demonstrated that transmission from low 
threshold afferents in the roots to Flechsig’s fasciculus was mono- 
synaptic. That this is the case irrespectively of whether skin nerves or {| 
muscle afferents are stimulated is apparent from Fig. 3 showing 
simultaneous record of volley in LV dorsal root filament and in the 
dissected fasciculus 10.6 cm cranially of the entrance of the root. 
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2m sec 


Fig. 3. Simultaneous records from dorsal root filament (LV) and dissected 
Flechsig’s fasciculus. The distance between the two recording sites was 10.6 cm. 
Stimulation of the saphenous nerve (1) and the quadriceps nerve (2). 


For either stimulation of the muscle or the skin nerve the delay of 
1.8 msec. does not allow more than one synapse. 

The problem of how fibres of different sizes contribute to the 
discharge in the dissected fasciculus has been studied and some 
experiments are illustrated in Fig. 4—7. In Fig. 4 are shown records 
of volleys in dorsal root filament and the dissected fasciculus on 
stimulation of the quadriceps nerve. Record 1 and 2 show how with 
increasing strength of stimulation most of the early part of the dis- 
charge appears with activation of the very low threshold group I 
fibres. In record 3 stimulation is maximal for group I the transmitted 
volley is fairly well synchronized without much of a later discharge. 
However, when the strength of the stimulus is raised to include 
group II as was done to get record 4, in which the group II volley can 
be seen as a notch on the declining phase of the action potential 
recorded in the dorsal root filaments, an addition occurs to the 
potential recorded in Flechsig’s fasciculus. This addition is two-fold. 
About two msec after the first spike there appears a second well 
synchronized spike followed by a more longlasting discharge. On 
careful adjustment of the stimulus strength the second spike and the 
more longlasting discharge can be separated as shown in Fig. 5. 
Record 1 shows the appearance of the second synchronized volley 
and with a slight increase of stimulus strength this second spike 
increases in magnitude without being followed by much of a later 
asynchronous discharge. Such a discharge, however, is evident in 
record 3 obtained after a further slight increase of stimulus strength. 

With further increase of stimulus strength there is an addition to 
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10m sec 


Fig. 4. Simultaneousfrecords from dorsal root filament (LV) and dissected 

Flechsig’s fasciculus. Stimulation of the quadriceps nerve with increasing strength. 
Curarized cat. 


the discharge (record 2 Fig. 6).| This additional discharge lasting for 
more than 20 msec, is superposed on the late group II discharge and 
appears after a latency of 10 msec and has a maximum amplitude 
after about 17 msec. The ingoing volley causing this discharge cannot 
be observed in the dorsal root filaments. This component of dis- 
charge in Flechsig’s fasciculus is probably due to activation of group 
III muscle afferents. The experiments illustrated in Fig. 4 and 6 were 
made on cats which had been given curare intravenously in doses 
about 100% in excess of that causing complete neuromuscular 
blockage. The reason for this was the intention to avoid any addition 
to the discharge secondary to flexor reflexes which might be elicited 
on stimulation of high threshold muscle afferents. The leg was de- 
nervated but not the musculatur of the hip, nor were the ventral roots 
cut, and obviously such reflexes might contribute to the discharge. 
The high concentration of curare was given in order to assure com- 
plete blockage also of the junction gamma efferents muscle spindles. 
(cf. HUNT 1952, GRANIT, SKOGLUND and THESLEFF 1953.) Since no 
difference was found in the discharge after curarization it is evident 
that reflexly activated, asynchronous afferent impulses from muscles 
did not contribute noticably to the discharge studied. 

Recording has also been made from the ipsilateral half of the cord 
(except the dorsal column). The components resulting on stimulation 
of muscle afferents are found also with this type of recording (record 
1 and 3. Fig. 7). However, a lesion in the dorsal part of the lateral 
column with an extension corresponding approximately to the dis- 
sected fasciculus, leaves part of the third component resulting from 
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5m sec 


Fig. 5. Stimulation of the quadriceps nerve and recording from dissected Flechsig’s 
fasciculus. The stimulus strength is slightly increased between each record. 
Curarized cat. 


stimulation of high threshold muscle afferents (record 2 and 4). 
Consequently there are in the ipsilateral cord other ascending fibres 
than those in the dorso-lateral part, which may be activated by high 
threshold muscle afferents. 

The relation between the size of peripheral fibres and transmitted 
discharge has been examined also for the skin nerves. The records in 
Fig. 8 were obtained in an experiment on a curarized cat (for the same 
reason as mentioned above). The discharge in the dissected Flechsig’s 
fasciculus appears even with stimulation of most low threshold fibres 
in the saphenous nerve and increases with activation of more fibres, 
but even at threshold stimulation the discharge is longlasting in 
contrast to what is found when group I muscle afferents are stimulated. 
Records 6—8 were obtained at a slower sweep speed for the beam 
recording the discharge in Flechsig’s fasciculus. There is some addition 
to the discharge when the delta fibres are added. Record 9 shows the 
electrogram in the saphenous nerve at higher amplification. The first 
spike visible in the record is the delta spike and then follows the dorsal 
root reflex, which in this case is very small (rectal temperature of 
cat 38.5°). Experiments were made to compare the longlasting 
discharge in the fasciculus at different temperatures of the cat. Little 
difference was found when the rectal temperature was 39°C and 
when it was 35°C; the important fact is that the longlasting dis- 
charge occurs also when the dorsal root reflex is minimal, 
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10m sec 


Fig. 6. Stimulation of the quadriceps nerve and simultaneous records from dorsal 

root filament (LV) and dissected Flechsig’s fasciculus. Record 2 shows late addition 

of potential with increase of stimulus above the strength necessary for activation 
of group II primary afferents. 


The existence of a dorsal root reflex necessitates carefulness in 
interpretation as to the physiological significance of results obtained 
in this type of work. TOENNIES (1939), for example, found that a 
skin nerve volley via a “dorsal root reflex” could elicit impulses in 
afferent muscle fibres. We satisfied ourselves that such a reflex did 
not occur when the temperature of the animal was kept reasonably 
high (above 35° C). 

GRUNDFEST and CAMPBELL (1942) produced evidence indicating 
that impulses from a number of primary pathways converge towards 
the cell of origin of the fibres in the Flechsig’s fascicuius. Such con- 
vergence is easy to demonstrate with the method of recording used 
for the present work. Record | in Fig. 9 shows the relayed discharge 
resulting from stimulation of the ipsilateral LVI dorsal root and 
record 2 of the LVII dorsal root. To obtain record 3 both these roots 
were stimulated with a suitable interval with occlusion as ;esult. 
Spatial facilitation was found occasionally only when two filaments 
of dorsal roots were used and separate stimulation only gave a 
barely visible spike. With stimulation of only group I muscle afferent 
phenomena due to convergence was not observed with this technique 
of recording. 


2. Potentials recorded from the cerebellar cortex. 


On stimulation of afferent nerves of the hindlimb GRuNDFEST and 
CAMPBELL from the rostral portion of the vermis recorded a potential 
sequence made up of the three early components. The first one 
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Fig. 7, Recording from ipsilateral dissected cord (except dorsal column) in the 
middle thoracic region on stimulation of the quadriceps nerve (records 1 and 2) 
and the biceps posterior + semitendinosus nerves (records 3 and 4). Records 2 
and 4 were obtained after lesion in the dorso-lateral region shown in the figure. 


occurred 4—6 msec and the second one 8— 10 msec after the stimulus. 
These two components were abolished after transection of the ipsi- 
lateral Flechsig’s fasciculus. Such a transection did not interfere with 
the third, largest component, beginning 13—17 msec after the stim- 
ulus. On stimulation of the saphenous nerve only the third of these 
components could be identified in the cerebellar response. 

We have performed similar experiments and confirmed the occur- 
rence of the three components of GRUNDFEST and CAMPBELL as well 
as the disappearance of the first two after transection of the ipsi- 
lateral Flechsig’s fasciculus. However, separate stimulation of muscle 
and skin afferents has shown that impulses in group I muscle afferents 
are responsible for the first component and impulses in skin nerves 
for the: second and the third component (Fig. 10). The latencies of 
these cerebeliar responses can be seen in record | and 2 and mounted 
below these are the corresponding records from Flechsig’s fasciculus, 
dissected at the end of the experiment. Records 6, 7 and 8 correspond 
to 3, 4 and 5 but were obtained after a shallow section through the 
dorsal part of the lateral funicle. It appears that the first (record 8) 
and the second componeni (record 6) are reduced to a similar extent 
whereas the third one has not decreased. It is noteworthy that whereas 
the first component does net diminish even on relatively high fre- 
quency of stimulation of the primary neuron the second component 
fails-even with such a relatively low frequency of stimulation of the 
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Fig. 8. Simultaneous recording from the saphenous nerve and dissected Flechsig’s 
fasciculus with increasing strength of stimulation of the saphenous nerve. Distance 
cathode — 1 st. recording electrode 27 mm. See text. 


the skin nerve as 5 per sec. This provide further evidence to that 
already presented by GRUNDFEST and CAMPBELL that only the first 
component of the cerebellar potential represents the direct activity 
of the fibres in Flechsig’s fasciculus. 


Discussion. 


In the dorsal part of the lateral funicle, the classical region of 
Flechsig’s tract, the discharge on stimulation of muscle afferents has 
three components which have been shown to be contributions from 
group I, II and presumably group III primary muscle afferents. In 
addition it has been shown that in this region of the cord are axons 
of cells which are synaptically activated on stimulation of low thresh- 
old afferents in ‘skin’ nerves (which includes skin and joint afferents). 
This latter finding is in agreement with the results reported by GRUND- 
FEST and CARTER (1954) and Morin and GARDNER (1955). Originally 
GRUNDFEST and CAMPBELL concluded that the neurons with axons 
in Flechsig’s fasciculus could only be activated from muscle afferents. 

The present experiments show that in the earlier experiment on the 
organization of the dorsal spino-cerebellar tract were studied the 
mixed effect of activation from skin. and muscle afferents, because a 
single shock to group I muscle afferents. alone does never give a 
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Sm sec 


1 2 


Fig. 9. Recording from the dissected Flechsig’s fasciculus. Record 1 obtained on 
stimulation of the LVI dorsal root, record 2 on stimulation of the LVII dorsal 
root, and record 3 with combined stimulation of these two roots. 


repetitive discharge of the type descrived by GRUNDFEST and CAmp- 
BELL and by LLoyp and MCINTYRE. We have stressed this point 
because even after the discoveries of exteroceptive representation in 
Flechsig’s fasciculus it seems to be taken for granted in recent dis- 
cussions concerning the organization of the spino-cerebellar tract that 
the discharge recorded in earlier experiments in this tract on stimula- 
tion of a mixed nerve was caused only by muscle afferents. 

A spinal tract should of course not be designed only according to 
the region of: the cord, which it occupies, but also by the site of the 
cellbodies and the endstation of its fibres. As judged from the anterior 
cerebellar recordings the second order neuron activated from skin 
nerves have a different endstation than those activated by group I 
muscle afferents. Furthermore GRUNDFEST and CARTER have shown 
that the cellbody of neurons activated from skin nerves may be at a 
lower level than the most caudal part of Clarke’s column. The dis- 
charge recorded on skin nerve stimulation in Flechsig’s fasciculus 
may at least partly be the spino-olivary tract by GRUNDFEST and 
CaRTER, but not in total because they found the conduction velocity 
of the fastest fibres to be about 60 m/sec whereas in our experiments 
the fastest fibres had a conduction velocity of 100 m/sec. 

With regard to the spino-olivary tract GRUNDFEST and CARTER 
exclude the possibility that the inferior olive is activated with collat- 
erals from fibres running to the cerebellum and they do it for the 
following reason: On stimulation of a mixed nerve three early com- 
ponents characterize the cerebellar response. The first two of these 
disappear after transection of the dorsal part of the lateral funicle 
and GRUNDFEST and CAMPBELL concluded that this two early com- 
ponents occur on stimulation of muscle afferents, the more since 
they on stimulation of saphenous nerve only could record the third 
component from the anterior cerebellum. In our experiments activa- 
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20m sec 


Fig. 10. Recording from the anterior vermis (records 1—8) on stimulation of the 

quadriceps nerve (records 1, 5 and 8) and the superficial peroneal nerve (records 2 

and 3, 4, 6, 7). Records 6—8 were obtained after a lesion shown in the figure in 

the dorso-laieral part of the cord in the upper thoracic region. Marked diminution 

of Ist and 2nd component. Records 9—10 were obtained afterwards from the 

dissected Flechsig’s fasciculus on stimulation of the quadriceps nerve (record 9) 
and the superficial peroneal nerve (record 10). 


tion of skin afferents give rise to the two later components and this 
confirms the findings by MOUNTCASTLE, COVIAN and HARRISON (1952) 
and by Comps (1954), whereas the first component is recorded in 
isolation on stimulation of low threshold muscle afferents. GRUND- 
FEST and CARTER’s suggestion may nevertheless be correct in so far as 
the second component may represent a discharge relayed in the 
inferior olive. Another possibility is that the discharge causing the 
second component is relayed in the lateral cervical nucleus by REXED 
or that the relay causing the delayed appearance of the second com- 
ponent is in the cerebellar cortex itself. 


Summary. 


The discharge in the dissected dorsal part of the lateral column. of 
cat has been recorded on stimulation of various peripheral muscle 
and skin nerves. 
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Stimulation of group I muscle afferents gives a synchronous volley 
in the dissected Flechsig’s fasciculus. A twofold addition occurs with 
a stimulus including group II muscle afferents, a second synchronized 
volley and a more longlasting discharge. With increase of stimulus 
strength presumably including group III muscle afferents a further 
addition to this longlasting discharge occurs. 

On stimulation of skin nerves a longlasting discharge is recorded 
in Flechsig’s fasciculus even if only the most lowthreshold primary 
afferents are excited. The relay for the early part of the discharge is 
monosynaptic. 

The conduction velocity of the fastest ascending fibres in Flechsig’s 
fasciculus is 100 m/sec independently of whether ‘skin’ or muscle 
nerves are stimulated. 

The three components of discharge in anterior vermis were examined 
on stimulation of muscle and skin nerves. The first component in 
isolation results on stimulation of group I muscle afferents, the 
second and third on stimulation of skin nerves. After section of 
Flechsig’s fasciculus the first and the second disappear, but not the 
third one. 
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Functional Organization of the Dorsal Spino-Cerebellar 
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II. Single Fibre Recording in Flechsig’s Fasciculus on Electrical 
Stimulation of Various Peripheral Nerves. 
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For the further analysis of the synaptic organization of neurons 
with axons ascending in the ipsilateral Flechsig’s fasciculus it was 
desirable to record unit discharge. With the hope of being able to 
record from a large number of neurons we have chosen to record 
intra-axonally from fibres in this fasciculus. 

Evidence will be presented to show that at least two physiological 
systems of neurons have ascending axons in this fasciculus. Further- 
more will be presented evidence to show that the synaptic connections 
to these neurons are complex suggesting an integrative function. 


Methods. 


The experiments were performed as described in the previous paper with 
the addition that the cats were also laminectomized at Th 13—LI for 
microelectrode recording. The pia was removed within a small area, care 
being taken not to injure the bloodvessels. The exposed cord was covered 
with agar ringer except at the actual site of recording. The microelectrodes 
were not inserted deeper than 0.6 mm. 

The cats were fixed with rigid clamps in the corpora vertebrae and 
screws in the pelvic bone. 
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The recording was conventional. The microelectrode was connected to 
a cathode follower (RCA 954) with a grid current of less than 1 - 10-11. 
Glass capillary microelectrodes filled with 3 M KCI were used. The attempts 
to record intra-axonally were not always successful. Even with seemingly 
perfect electrodes we failed in some cats. Sometimes difficulties arose from 
movements of the cord, but they could usually be minimized by altering 
the position of the cat. 


Results. 


The microelectrode was inserted into Flechsig’s fasciculus under 
visual control and after the appearance of membrane potential jump 
(usually 40—70 mV) stimulation of ipsilateral hindlimb nerves was 
tried as well as antidromic stimulation 5—7 cm above the site of 
microelectrode recording. Usually an impulse was recorded on anti- 
dromic stimulation but, as could be expected, not always on stimula- 
tion of any of the dissected peripheral nerves. The action potential 
did sometimes overshoot the membrane potential and the maximum 
action potential recorded was about 90 mV but usually the action 
potential was smaller, about 30—60 mV. For our analysis we did not 
use responses with the action potential smaller than 20 mV. The 
response was usually kept for several minutes and sometimes for as 
long as 30 minutes. 


1. Stimulation of Muscle Afferents. 


At least two types of responses have been identified on stimulation 
of muscle afferents (connection to muscle severed). Fig. 1 shows a 
series of records from a single axon in Flechsig’s fasciculus on stimula- 
tion of the ipsilateral quadriceps nerve. Record | shows that a weak 
shock to the muscle nerve activating only a fraction of group I fibres, 
elicits an action potential in the axon as well as a small mass dis- 
charge in the dissected fasciculus. With increasing strength of stimula- 
tion to bring in the whole group I (record 3) the mass discharge in- 
creases but in the single axon no additional activation occurs. The 
first spike (record 10) appears 0.6 msec earlier than the front of the 
mass discharge recorded 54 mm more cranially and constitutes the 
single fibre equivalent to the synchronized volley recorded in the 
dissected fasciculus. Sometimes the spike recorded in the axon may 
appear later (cf. record 6, Fig. 6). This cannot be taken as evidence 
for polysynaptic transmission. It may be due to either slow conduc- 
tion velocity in the axon recorded from, or the relay may be located 
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2m sec 


Fig. 1. Double spike unit. Intra-axonal recording from fibre in Flechsig’s fasciculus | 
(vertical, right) on stimulation of the quadriceps nerve. Simultaneous recordings 
from dorsal root filament (horizontal) and dissected fasciculus (vertical, left). 
Records 1—6 with increasing strength of stimulation. Records 7—9 superimposed 
sweeps at high repetitive rate. Distances: dissected fasciculus — site of micro- 
electrode recording 54 mm; site of microelectrode recording — entry of LV in 

the cord 69 mm; stim. cathode on the quadriceps nerve — filament LV 69 mm. 


at a high level with slow conduction in tapering presynaptic fibres. 
In record 4, Fig. 1 stimulation is increased to include part of the 

group II fibres and in record 5 still more of the group II fibres are | 
activated and then another spike appears about 2 msec after the first | 
one. With still higher intensity of stimulation there is no further | 
addition to the discharge in this type of neuron, whereas the later | 
part of the mass discharge shows a definite increase. Record 7—9 | 
show the effect of repetitive stimulation of the quadriceps nerve as : 
appears on superposed sweeps. In record 8 the stimulus strength oa] 
chosen so that a single shock just gave rise to the double spike; on 
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2m sec 


10m sec 


2m sec 


Fig. 2. Absence of second spike on stimulation of group I + II muscle afferents. 

Intra-axonal recording from fibre in Flechsig’s fasciculus (vertical, right) on 

stimulation of the quadriceps nerve. Simultaneous. recordings from dorsal root 

filament (horizontal) and from dissected fasciculus (vertical, left). Record 3 shows 

the antidromic spike appearing on stimulation of the dissected fasciculus. Dis- 
tances same as in Fig. 1. 


repetitive stimulation the second spike falls together with the group II 
component of the filament electrogram. In records 8 and 9 can be 
observed that the double spike appears also in the mass discharge 
recorded in the dissected fasciculus. As a rule the second spike was 
elicited on submaximal stimulation of group II. The second spike 
appears about 1.8 msec after the first one (record 10). It does not 
seem unlikely that this additional latency is due to conduction in 
the presynaptic fibres. The conduction of the fastest group II fibres 
is about 60 m/sec, and those causing postsynaptic excitation in record 5 
conduct at approximately 40—50 m/sec. If these fibres are assumed 
to taper after branching in the same way as group I fibres do in the 
dorsal column (LLoypD and MCINTYRE 1950), there is no necessity of 
assuming an interneuron. 

The record in Fig. 2 are also from an axon, which was activated by 
low threshold group I stimulation of the quadriceps nerve, but in this 
case increase of stimulus strength to include group II does not give 
rise to a second spike. However, we do not think that this failure of 
a second spike to turn up justifies a suggestion that this is another 
type of response than the double spike one just described. It was often 
noted that in a typical double spike unit the second spike sometimes 
dropped out and in other cases the second spike occurred only 
occasionally. Therefore in many instances the safety factor of trans- 
mission is lower for the second spike. 
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Fig. 3. Double spike unit with second spike appearing on submaximal stimulation 
of group I fibres. Intra-axonal recording, from fibre in Flechsig’s fasciculus (verti- 


cal, right) on stimulation of the quadriceps nerve. Simultaneous recordings from | 


dorsal root filament (horizontal) and from dissected fasciculus (vertical, left). 
Distances same as in Fig. 1. 


In some cases a double spike has appeared with a stimulus strength 
submaximal to group I. This is illustrated in Fig. 3. The second spike 


(record 3) appears when the primary afferent volley comprises about ; 


two thirds of group I. With this strength of stimulation there is no 
trace of group II activation in the filament used. It cannot be excluded 
that the stimulus has activated group II fibres not represented in this 


filament but in view of the fact that usually the second spike did not | 
appear until an appreciable part of group II fibres had been activated 


it is likely that in the case under discussion the second spike did result 
from stimulation of group I fibres. 
Other neurons studied can be synaptically activated from muscle 
afferents exclusively on group II and III stimulation. A typical experi- | 
ment is shown in Fig. 4. Maximal stimulation of group I muscle 
afferents in the quadriceps nerve does not give any discharge in this 
neuron. Only when the stimulus strength has been raised to include 
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2m sec 


Fig. 4. Repetitive discharge on stimulation of high threshold muscle afferents. 

Intra-axonal recording from fibre in Flechsig’s fasciculus (vertical, right) with 

simultaneous recordings from dorsal root filament (horizontal) and dissected 

fasciculus (vertical, left). Stimulation of the quadriceps nerve with increasing 
strength. Distances same as in Fig. 1. 


an appreciable part of group II fibres a spike appears after a latency 
of 7.5 msec. Increase of the stimulus strength gives an additional, 
earlier spike and in record 5 the stimulus strength is raised further 
presumably to include also group III primary afferents (as disclosed 
by the addition of the late hump in the mass discharge recorded in 
the dissected fasciculus). This gives additional repetition of the dis- 
charge in the single axon. This type of response is thus distinctly 
different from the first one described. On threshold stimulation a 
spike may appear after a latency that is almost as short as that of the 
first impulse of the full discharge obtained with a stronger stimulus. 
Usually, however, increase of stimulus strength brings about a 
marked shortening of latency. Sometimes the sole effect of stimulation 
is One or two impulses appearing after a very long latency. These 
findings suggest occurrence of interneurons. The first spike appears 
after a latency of 4—8 msec. Since we do not know at which level 
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Fig. 5. Repetitive discharge on stimulation of skin nerve. Simultaneous recordings 

from dissected fasciculus (upper beam) and intra-axonally from fibre in Flechsig’s 

fasciculus (lower beam). Stimulation of the superficial peroneal nerve with in- 
creasing strength. 


the relay occurs in the cord, it is not possible to ascertain if the first 
spike is monosynaptically transmitted, but at least in some cases it 
appears likely that this is the case. 


2. Stimulation of ‘“‘Skin’’ Nerves. 


In the dorsal part of the lateral column neurons are readily found 
which can be synaptically activated by single shock stimulation of a 
skin nerve. The characteristic response is repetitive as could perhaps 
be expected from results described in section I. The records in Fig. 5 
are typical. The frequency of discharge is often 1000/sec or more and 
characteristically the spike height decreases. A single volley to the 
primary afferents may give as many as 16 postsynaptic impulses. At 
threshold stimulation one or two spikes may appear corresponding 
to the early part of the later discharge, increase of stimulus strength 


resulting merely in prolongation of the discharge. In other neurons | 


the threshold discharge has a longer latency and with increase of 
stimulus there is a shortening of latency. The longlasting repetitive 
discharge is however not found in all neurons excited from skin 


afferents. Sometimes even with supramaximal stimulation only one | 


or a few spikes turn up often with a latency of 6—10 msec compared 
with about 4 msec usually found for the first spike of the repetitive 
discharge. These findings can be explained with the assumption of 
of chains of interneurons. 
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Fig. 6. Spatial facilitation from pseudo-antagonist group I muscle afferents. 

Simultaneous recordings (in order from above downwards) from single nerve 

fibre in the Flechsig’s fasciculus, from the dissected fasciculus and from two dorsal 

root filaments. The quadriceps nerve is stimulated with increasing strength in 

records 1—3. In record 4 is the synaptically subliminal stimulus to the quadriceps 

nerve, and in record 5 stimulation of the gastroc nerve. Record 6 shows the effect 
of combined stimulation of these two nerves. 


3. Interaction of Volleys from Different Peripheral Nerves. 


The experiments by GRUNDFEST and CAMPBELL as well as results 
reported in the previous paper indicates that the synaptic connections 
in the systems studied are complex. Attempts have been made to 
study the synaptic organization in experiments with recording from 
single axons. 


a) Double spike neurons. 

Convergence of synaptic excitatory action from different extensor 
muscles has been observed. Discharge of the same neuron on stimula- 
tion of group I afferents in the quadriceps as well as in the gastroc 
nerve has been found occasionally. The existence of convergence is 
demonstrated as spatial fascilitation in Fig. 6. The records were ob- 
tained from a neuron which could be excited on stimulation of group I 
fibres in the quadriceps nerve but not from the gastroc nerve. When 
stimulation of the quadriceps nerve is subliminal for postsynaptic 
excitation and the volleys in the two nerves are suitably timed excita- 
tion occurs thus proving the existence of convergence of excitatory 
action. 

Inhibitory effects from antagonist muscle afferents have been found 
frequently; an example of such an inhibition is illustrated in Fig. 7 
in which a discharge produced by stimulation of the quadriceps nerve 
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Fig. 7. Inhibition from antagonist muscle afferents. Simultaneous recordings (in | 


order from above downwards) from single nerve fibre in the Flechsig’s fasciculus, 
from the dissected fasciculus and from a filament in LV DR to record quadriceps 
volley, and from a filament in LVII DR to record semitendinosus + biceps 
posterior volley. In records 1 —5 the quadriceps nerve is stimulated with increasing 
strength. In record 6 the sweep speed for the two upper beams is increased. Record 
7 shows the antidromic spike appearing on stimulation of the dissected fasciculus. 
In records 9—12 a conditioning shock is given to the semitendinosus + biceps 
posterior nerves and a test shock (record 8) to the quadriceps nerve. Record 14 


shows the effect of the same conditioning volley with weaker test volley in the | 


quadriceps nerve (record 13). Distance dissected fasciculus — site of micro- 
electrode recording, 54 mm. 


is inhibited by a properly timed volley from semitendinosus + biceps 


posterior nerves. Records 1—6 show that on stimulation of the | 


quadriceps nerve a double spike is elicited in the secondary neuron. 

In records 9—12 a test volley from quadriceps (giving a double 
spike, as seen alone in record 8) is conditioned by a group I volley 
from biceps posterior + semitendinosus. It can be seen in record 
10—12 in which the conditioning volley precedes the test volley at 
several intervals, that the second spike is inhibited. 

The stimulus strength of the test volley was then decreased to 
excite only group I fibres slightly in excess to those necessary to get 
a single post-synaptic spike (record 13). The conditioning volley, 
under those conditions, inhibits the single spike (record 14). 
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2m sec 


Fig. 8. Convergence of group I exciiatory action from antagonist muscle. Simul- 
taneous recordings from dorsal root filament (LV) (horizontal), from dissected 
fasciculus (vertical, left) and from single nerve fibre in Flechsig’s fasciculus (vertical, 
tight). Stimulation of the quadriceps nerve with increasing strength (records 1 —2, 
record 6 with higher sweep speed). Stimulation of the semitendinosus + biceps 
postericr nerves with increasing strength (records 3—5, record 8 with higher 
sweep speed). Record 7 gives the antidromic spike appearing on stimulation of 
the dissected fasciculus. 


By use of this method we have been able to observe this reciprocal 
inhibition in a number of experiments but by far not in all. Our 
failure to demonstrate it in all instances may be due to the experi- 
mental procedure used which implies a test volley strong enough to 
assure transmission constantly. Sometimes the only effect of an 
inhibitory volley was an increase in latency of the test impulse. 

It must also be mentioned that in one occasion convergence of 
group I excitation has been found from antagonist muscle as appears 
in Fig. 8. Records 1, 2 and 6 were obtained on stimulation of the 
quadriceps nerve, records 3—5 and 8 on stimulation of the anta- 
gonist biceps-semitendinosus nerves. The volley from the flexor 
muscle afferents was not recorded in a dorsal root filament, but from 
the appearance of the mass discharge in the dissected fasciculus it is 
evident that the stimulus needed to give a postsynaptic spike also in 
the flexor muscle afferents did only comprise the low threshold 
group I fibres. 


{ 
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Fig. 9. Convergence of excitatory action from skin nerves and antagonist muscle | 
afferents. Intra-axonal recording from nerve fibre in Flechsig’s fasciculus (hori- 
zontal) with simultaneous recording from dorsal root filament (vertical). Stimula- 
tion with increasing strength of the superficial peroneal nerve (records | —8), of 
the quadriceps nerve (records 9-12) and of the semitendinosus + biceps posterior | 
nerves (records 13—15). 


A few out of several hundred examined neurons excited from} 
group I muscle afferents were also excited on stimulation of skin 


afferents. 


b) Synaptic organization of high threshold muscle afferents and skin | 
afferents. 
Convergence has also been studied on those neurons which are| 

activated from muscle afferents only on stimulation of high threshold 

fibres. The usual procedure was to stimulate in turn the quadriceps 
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Nurnber of neurons excited on stimulation of: 


Grl+Grll Grll+Grlll Grl+Gr Grl+Gell skin afferents 
afferents | afferents frorm | afferents fromm | afferents fromm | only 


single muscle single muscie antagonist antagonist m. 
and skin gruscies | and skin 
11 26 7 8 $9 


nerve, the nerves to the knee flexors, semitendinosus and biceps 
posterior, and the superficial peroneal nerve at the ankle. It is note- 
worthy that quite a number of these neurons could be activated from 
both muscle afferents, and some of them in addition also from a 
skin nerve. The records in Fig. 9 are all from the same axon. Records 
9—12 were obtained on stimulation of the quadriceps nerve and 
records 13—15 show the effect of stimulation of afferents from the 
antagonists biceps posterior and semitendinosus nerves. Records 1—8 
resulted from a single shock of increasing strength to the superficial 
peroneal nerve. The discharge on muscle nerve stimulation occurs 
only with stimulation supramaximal to group I and is repetitive as 
typically found for neurons excited from group II and III muscle 
afferents. The discharge resulting from skin nerve stimulation cannot 
very well be studied as a function of the ingoing volley since only 
potentials of small amplitude were recorded in the filament dissected 
to record the quadriceps volley. The frequency of the discharge is 
about 1100 per sec at its maximum. It can furthermore be noted that 
increase of stimulus strength above a certain level in this neuron 
brings about the appearance of a ‘silent period’ (records 5—8) a 
reasonable explanation being the activation of fibres with inhibitory 
effects on the neuron recorded from. 

The result of 5 experiments in which 111 neurons were examined 
is summarized in the table. Neurons excited from group I muscle 
afferents are not included in the table. 93 of these neurons could be 
excited from skin and 52 from group II and III muscle afferents. To 
study the convergence of skin afferents the saphenous nerve was used 
for stimulation as well as the superficial peroneal nerve. In a typical 
experiment out of 29 neurons excited from skin nerves 16 could be 
excited from both these nerves. 

Inhibitory synaptic effects from activation of primary skin neurons 
are very often observed when two skin nerves are used (Fig. 10). After 
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Fig. 10. Partial inhibition of a discharge produced by stimulation of a skin nerve 

(superficial peroneal nerve, at the ankle), by a volley in another skin nerve (sa- 

phenous). Record 1: stimulation of the sup.per.nerve alone. Record 2: stimulation 
of both nerves. 


a single shock to the superficial peroneal nerve four impulses could 
be recorded in the axon. A conditioning volley in the saphenous 
nerve inhibited the discharge with two impulses now remaining. 


Discussion. 


Intra-axonal recording has been found to be a useful tool in the 


study of problems of functional organization. A relatively great | 


number of neurons may be examined and the technique has the 
further advantage that the electrode does not interfere with the 
function of the cellbody. 

We have chosen to divide the neurons with ascending axons in 
Flechsig’s fasciculus in two main groups, i) those excited by group I 
muscle afferents, and ii) those excited only from group II and IIl 


muscle afferents or (and) from skin. Our main interest has been | 


focused on.those neurons which can be activated by group I muscle 
afferents. These second order neurons make direct connection with 


the anterior vermis and the axons of these neurons probably constitute , 


the classical Flechsig’s tract with the cellbodies in Clarke’s column. 


Transmission from the primary neuron is monosynaptic and charac- | 
teristically it occurs at least in a great number of cases already with | 


activation of the verly low treshold group I fibres. It is of interest that 
these second order neurons are also activated on stimulation of 
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group II muscle afferents with the result that a single shock to a 
muscle nerve gives the typical double-spike response (for comparison 
with motoneuron cf. Brock, EccLes and RALL 1951, LAPoRTE and 
LioyD 1952, and Hunt 1952). Hunt (1954), by recording from indi- 
vidual afferent fibres, has demonstrated that all group II fibres 
originate from spindles. Since BARKER (1948) found the fibres with 
secondary endings to be smaller than those with primary endings it is 
reasonable to associate the group II afferents with the secondary 
endings. 

In another respect the synaptic organization of these Clarke’s cells 
reminds of the motoneurons in so far as they may be found to be 
reciprocally innervated with inhibition from antagonist muscles. The 
effect of this inhibitory action from antagonist muscle afferents is, 
however, more difficult to demonstrate than in motoneurons, which 
may be connected with the differences in synaptic organization of 
the excitatory action with considerable summation being requisite in 
the motoneuron but not in the Clarke’s cells. (cf. LLoyp and MCINTYRE 
1950). This does not imply that the inhibitory action described 
necessarily is of little physiological significance. The situation may 
be very different when the excitatory afferents are physiologically 
activated as contrasted to the synchronous volley resulting from 
electrical stimulation. It is of considerable interest to compare our 
findings on neurons excited by group I muscle afferents with the 
recent work by SZENTHAGOTHAI and ALBERT (1955) on the synaptology 
of Clarke’s column. They described giant synapses with long parallel 
contacts between the preterminal parts of the afferent fibres and 
Clarke neuron dendrites. They point out that this finding is in com- 
plete accordance with the physiological demonstration of a powerful 
synaptic articulation of primary afferents in Clarke’s column. They 
have further given clear evidence of convergence of primary afferents 
to one Clarke neuron and our demonstration of convergence of group 
I excitation is in good agreement with their results. After removal 
of the ipsilateral spinal ganglia these giant presynaptic endings de- 
generate, but in addition the Clarke cells receive other terminals, 
which do not degenerate, and these latter terminals therefore belong 
to interneurons. Our results do not necessitate the assumption of 
interneurons for the mediation of excitation from either group I or 
II muscle afferents, but in analogy with the motoneuron (EcCLEs, 
Fatt and LANDGREN 1953) we might expect inhibition from anta- 
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gonist muscle afferents to Clarke neurons to be mediated by inter- 
neurons. 

The second order neurons excited from ‘skin’ nerves or (and) from 
high threshold muscle afferents presumably constitute another physi- 
ological pathway than those excited from group I muscle afferents 
and their cellbodies may very well be located outside Clarke’s column. 
Further work may demonstrate several physiologically different 
systems among these neurons and some indication of this may be 
found in the literature already now (cf. previous paper in this series). 

These neurons often receive a marked convergence of excitation. 
Of 111 neurons examined 41 could be excited from more than one 
of the three peripheral nerves used. Of 52 neurons excited from 
muscle afferents 15 were excited from antagonist muscles. It does 
therefore seem likely that among these neurons are many which 
cannot very well subserve finer spatial discrimination, but perhaps 
may be of importance to uphold a status of general activity in higher 
centra (cf. GRANIT, 1955). It is possible that some of these neurons 
receive afferents innervating receptors from a more restricted peri- 
pheral field and thus may forward messages of localization, but in 
the present experiments an insufficient number of peripheral nerves 
were used to decide this question. 


Summary. 


Single fibre discharges provoked by stimulation of various afferent 
nerves were recorded in Flechsig’s fasciculus with intra-axonal micro- 
electrodes. Simultaneously were recorded sensory volleys in dorsal 
root filaments and mass-discharges in the dissected Flechsig’s fasci- 
culus. 

Neurons were identified which could be monosynaptically activated 
by group I muscle afferents. 

On the neurons excited monosynaptically by group I afferent fibres 
of a given muscle converge excitatory action mediated by group Il 
fibres from the same muscle and inhibitory action mediated by 
group I fibres from antagonist muscles. 

Convergence of excitatory action from pseudo-antagonist muscles 
was observed. 

Other neurons with ascending axons in Flechsig’s fasciculus could 
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be activated from a muscle nerve only by stimulation of high threshold 
afferents; the post-synaptic discharge was in this case repetitive. 

Many neurons were excited from low threshold afferents in skin 
nerves with high frequency repetitive discharge resulting from a single 
stimulus to the primary afferents. Convergence of inhibitory action 
from skin nerves to these neurons was demonstrated. 

Convergence of excitation from skin nerves and from high threshold 
muscle afferents was common (including convergence of excitation 
from antagonist muscles). 
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Tract in the Cat. 


III. Single Fibre Recording in Flechsig’s Fasciculus on Adequate 
Stimulation of Primary Afferent Neurons. 


By 
Y. Laporte and A. Lundberg. 


Received 20 December 1955. 


When using electrical stimulation of various peripheral muscle 
nerves it was found that neurons with axons ascending in Flechsig’s 
fasciculus receive excitation from low threshold group I and from 
group II muscle afferents and may be inhibited on stimulation of an 
antagonist muscle nerve. 

In the experiments reported in this paper we studied the discharge 
in the second order neuron with adequate activation of stretch 
receptors in a muscle. It will be demonstrated that primary afferents 
with excitatory action on these second order neurons have their 
peripheral terminals on muscle spindles, and furthermore that neurons 
excited by group I fibres from a certain muscle receive inhibitory 
synaptic influence from the same muscle. 

Some results will also be presented concerning the adequate activa- 
tion of neurons excited electrically from ‘skin’ afferents. 
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Fig. 1. Repetitive activation presumably due to the early discharge. Stimulation 

with increasing strength of the quadriceps nerve (not severed) and recording from 

above downwards: intra-axonally from fibre in Flechsig’s fasciculus, mass-discharge 
in dissected fasciculus and incoming volley in dorsal root filament. 


Results. 
a) Postsynaptic Effects of the “Early Discharge’’. 


In the experiments with adequate stimulation our plan was first 
to identify the typical double spike neurons with the use of electrical 
stimulation. When trying to do this we met with the difficulty that 
on electrical stimulation of a muscle nerve with intact connections to 
its muscle a multiple postsynaptic discharge very often did result from 
single shock stimulation of group I fibres alone, occurring also when 
the muscle was not stretched. This phenomenon is illustrated in Fig. 1. 
The neuron is excited by low threshold group I fibres and when 
stimulation strength is slightly raised, as seen in the reccrding from 
the filament, a multiple discharge occurs in the axon (and also in the 
mass-discharge recorded in the dissected fasciculus and in the filament). 
As judged from the appearance of contraction in the muscle this 
repetition coincided with stimulation of motor fibres to the extrafusal 
muscle fibres. Presumably this repetitive discharge in the second 
order neurons is the result of the early discharge in the primary 
afferent described by HUNT and KUuFFLER (1951). As established by 
these authors this discharge, consisting of one or several impulses, 
bears no relation to the increase in external tension of the muscle and 
its mechanism of establishment is unknown. To judge from our re- 
cordings from the second order neurons the occurrence of this early 
discharge varied in different experiments. In some cases stimulation 
of low threshold fibres gave only a single impulse in the second order 
neuron and when stimulation was increased to include also group II 
fibres a typical double spike resulted. 
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Fig. 2. Long delay of intra-axonally recorded impulse on stimulation of low 

threshold fibres in muscle nerve (not severed). Stimulation with increasing strength 

of the quadriceps nerve with recording as in Fig. 1. Record 4 antidromic stimulation 

of dissected fasciculus. Distance between dissected fasciculus and site of m.e. 
recording 75 mm. 


Hunt (1954) did find an early discharge also in group II fibres 
although less frequently and with fewer impulses at lower frequencies 
than in group I fibres. Fig. 2 illustrates an experiment in which 
stimulation of low threshold fibres gave a discharge in the axon but 
with the first spike occurring 4 msec later than the front of the dis- 
charge in the dissected fasciculus and after a total latency of about 
6.5 msec. It should be observed that: the latency is considerably 
longer than was ever found for neurons excited from group I muscle 
afferents when the muscle nerve was not in intact connection with 
the muscle. Temporal summation of group I activity due to electrical 
stimulus and early discharge may account for this, but an additional 
possibility is that excitation in this case is caused by an early dis- 
charge in group II fibres. This possibility obviously necessitates 
caution with regard to the classification of the second order neurons, 
and for the further work brief latency as well as low threshold were 
used to classify a neuron as belonging to the type that could be 
activated from group I afferents. 


b) Unit Discharge in Flechsig’s Fasciculus on Passive Stretch of the Muscle. 

For this work axons were used which could be activated from 
group I afferents from the quadriceps nerve, which was in intact 
connection with the muscle. The electrode consisted of a thin plastic 
plate with a shallow groove for the nerve and with two sunk silver 
wires for stimulation. The plate was fixed with ligatures to the under- 
lying tissue so that the nerve on contraction of the muscle could slide 
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Fig. 3. Neuron with axon in Flechsig’s fasciculus activated by electrical stimulation 
of low threshold afferents in the quadriceps nerve (records 1—3) and by stretch 
of the muscle (records 4—8). 


in the groove. Thereafter the muscle was stretched by applying 
weights to a string attached to its tendon. Three types of results 
were encountered, i) increase of discharge frequency, ii) no effect of 
pulling and iii) decrease in frequency of a basic discharge. These 
effects are illustrated in fig. 3—5. In Fig. 3 records 1—3 are shown for 
the identification of the neuron used for recording. At zero tension 
this neuron discharges at 10/sec. Such a basic discharge was found 
fairly often but some neurons were silent. Loading the muscle with 
600 g increases the discharge to 70/sec. When the load is released 
the neuron is silenced but after 10 sec the original frequency has 
almost reappeared. Out of 47 neurons examined 32 showed some 
increase in frequency of the discharge with pulling, but the maximal 
frequency reached was often very much lower than in Fig. 3. 

The records in Fig. 4 were obtained from a neuron in which the 
discharging frequency did not change when the muscle was loaded. 
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Fig. 4. Neuron with axon in Fiechsig’s fasciculus activated by electrical stimulation 
of low threshold afferents in the quadriceps nerve (record 1 —3) but not by stretch 
of the muscle. 


Records 1—3 are again shown for the identification of the neuron. 
The frequency of discharge at zero tension is 12/sec and it remains 


unchanged even when the tendon is loaded with 800 g. This happened | 
with 10 out of the 47 examined neurons, and appeared either as in | 


Fig. 4 as no change in the basic discharge or as persistent silence when 
no discharge occurred at zero tension. 


Altogether 5 neurons which could be excited from group I quadri- | 


ceps afferents were inhibited on passive increase of tension in this 
muscle. This is illustrated in Fig. 5. Records 1—4 and 8 are again for 
the identification of the neuron and it is of interest to note that in 
this case there was no marked early discharge. The second spike 
occurs with the stimulation of group II fibres as in the typical double 
spike response. Record 5 shows a 10/sec discharge at zero tension. 
Strong pulling by hand was started during the sweep shown in record 


6 and released in the early part of record 7. The inhibition is un- | 
questionable although some “escape” appears. In other cases the | 


neuron was completely silenced during pulling. 
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Fig. 5. Neuron with axon in Flechsig’s fasciculus activated by electrical stimulation 

of low threshold afferents in the quadriceps nerve (records 1 —4) and inhibited by 

stretch of the muscle. Pulling of tendon started during sweep in record 6 and 
released in the beginning of sweep shown in record 7. 


It should be noted that we never saw a neuron react with increase 
in discharge rate to a slight pull and with inhibition to a stronger pull. 

Adaptation of the discharge in the second order neuron has been 
watched for but not systematically studied. Sometimes there was 
little sign of adaptation but in other cases adaptation was marked. 
It was observed rather often that a single impulse or a brief train of 
impulses with decreasing frequency occurred in the second order 
neuron, when a steady pull was applied to the muscle tendon, but 
that afterwards the discharge resumed the resting frequency. 

The records in Fig. 6 were obtained from a neuron in which the 
discharge increased moderately with pulling. The records in the four 
lower horizontal rows were obtained 1, 2 and 3 seconds after the 
start of the pull and show clearly how the frequency of the discharge 
decreases with time. 

As discussed above an early discharge may occur also in group II 
muscle afferents, and with intact muscle nerve group II fibres may 
therefore be activated also on stimulation of low threshold nerve 
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Fig. 6. Neuron with axon in Flechsig’s fasciculus activated by electrical stimula- 
tion of low threshold afferents in the quadriceps nerve (records 1—3) and by 


stretch of the muscle (record 4—15). Discharge 1, 2 and 3 seconds after applying | 


indicated load to the tendon. 


fibres. In 22 neurons the long latency of the postsynaptic discharge 


made it impossible to ascertain that the neuron belonged to the type | 
activated by group I afferents. These neurons reacted to a pull of the : 


tendon in about the same way as those with certainty activated by 
group I afferents. In 12 an increased discharge rate was noted, in 7 
there was no change and in 3 a resting discharge was inhibited. 

We have also studied the effect of adequate activation of stretch 
receptors in antagonist muscles. The records in Fig. 7 are from a 


neuron which could be activated from group I afferents in the severed | 


biceps posterior and semitendinosus nerves. It is a typical double 


spike unit and the neuron shows a resting discharge (record 4). This , 


resting discharge may be due to the inflow from the non-denervated 
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Fig. 7. Inhibition of discharge on adequate activation of antagonist muscle 

afferents. Stimulation of the semitendinosus + biceps posterior nerves and re- 

cording from above downwards: mass-discharge in dissected fasciculus, intra- 

axonally from fibre in Flechsig’s fasciculus and incoming volley in dorsal root 

filament. Record 4 shows basic discharge at zero tension in the quadriceps muscle. 

The muscle was stretched during sweep in recorc 5 and the stretch released in 
record 6. 


hip musculatur or be due to activity of interneurons. Pulling of 
quadriceps started during the sweep shown in record 5 and released 
in record 6 produced a marked inhibition. Some “‘escape”’ can be, in 
this case also, noted. Fig. 8 shows another type of experiment also 
demonstrating reciprocal innervation. The neuron is activated by 
low threshold afferents from quadriceps. Record 4 shows the resting 
discharge and record 5 the increase resulting from strong pulling of 
the tendon. Repetitive stimulation at 150 per sec of the semitendinosus 
and biceps posterior nerves inhibits the discharge completely as can 
be seen in records 6 and 7. It was observed that this inhibition occurs 
with the activation of group I afferents. The inhibition is clearcut 
and does not fail to show up in experiments of this type. The reci- 
procal innervation is much easier to demonstrate in this way than 
when the conditioning and testing volleys are electrically elicited. 


c) Unit Discharge in Flechsig’s Fasciculus during Contraction of Muscle. 

The classical method for identification of discharge from stretch 
receptors is to study the discharge during contraction of the muscle. 
(FULTON and Pi-SuNeR (1928), MATTHEWS (1933)). The discharge 
from muscle spindles is silenced whereas the discharge from Golgi 
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Fig. 8. Inhibition of discharge from stimulation of antagonist muscle afferents. } 
In record 1 and 2 stimulation of the quadriceps nerve (not severed) and recording : 
in order from above downwards: intra-axonally from fibre in Flechsig’s fasciculus | 


and mass-discharge in dissected fasciculus and in record 1 also incoming volley 
in dorsal root filament. Record 3 shows the intra-axonally recorded spike on 
antidromic stimulation of the dissected fasciculus (observe slow conduction 
velocity). In record 4 basic discharge at zero tension in the quadriceps muscle. 
Records 5 and 7 were obtained with stretched muscle to increase the frequency of 


the discharge. Records 6 and 7 show inhibition on repetitive stimulation of semi- } 


tendinosus + biceps posterior nerves. Distance between dissected fasciculus and 
site of m.e. recording 65 mm. 


tendon organs which are in series with the extrafusal fibres increase | 


in frequency. We have tried to utilize this method in the present 
experiments. 

Neurons were identified which could be excited by group I afferents 
from the quadriceps nerve and in which increased discharge resulted 


when pulling the tendon of this muscle. Thereafter the muscle nerve | 
was stimulated by a single shock, supramaximal for the large efferents ‘ 
but subliminal for the y-efferents. The result was a pause of the dis- | 
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Fig. 9. Pause of postsynaptic discharge with contraction of muscle. In records 
1—3 stimulation with increasing strength of the quadriceps nerve and recording 
from above downwards: intra-axonally from fibre in Flechsig’s fasciculus, mass- 
discharge in dissected fasciculus and incoming volley in dorsal root filament. The 
early discharge is large in the latter recording. Record 5 shows intraaxonal spike 
on antidromic stimulation of dissected fasciculus. Observe slow conduction 
velocity. In record 6 the resting discharge in the axon with zero tension in muscle 
and record 7 the discharge when the muscle is stretched by strong pulling by hand 
of the tendon. Pause with single shock stimulation of the muscle nerve (record 8) 
and of the severed LV ventral root (record 9). Distance between dissected fasciculus 
and site of microelectrode recording 65 mm. 


charge as observed in Fig. 9. The discharge seen in record 7 resulted 
on steady strong pulling by hand of the tendon of quadriceps. Record 8 
shows the pause resulting from a single shock to the muscle nerve. 
The pause lasts for about 60 msec and is of course preceded by a few 
impulses representing the combined effect of stimulation of group I 
afferents and the early discharge. Altogether 30 neurons were exam- 
ined and in all of them stimulation of the motor nerve silenced the 
discharge temporarily. This finding shows that primary afferents with 
excitatory action on the neurons examined have their peripheral 
terminals on muscle spindles. 

It could, however, be hypothecated that the slackening of the intra- 
fusal muscle fibres was not the only cause of the pause but that 
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electrical stimulation of afferent fibres with inhibitory action on the 
secondary afferent neurons could be partly responsible for it. But 
the same pause appears when the contraction of the quadriceps 
muscle is elicited by stimulation of the LV lumbar ventral root as 
illustrated in record 9 in Fig. 9 obtained from same neuron as the 
other records in this fig. To be sure if the inhibitory fibres hypothe- 
cated above were group I fibres from Golgi tendon organs they could 
also in this case be activated by non-adequate stimulation since it 
has been shown by Hunt and KuFFLER that an early discharge occurs 
also in fibres of the B-type. However, judged from the appearance of 
excitation in the second order neuron the early discharge occurred 
less regularly with ventral root stimulation than with muscle nerve 
stimulation (probably because stimulation of one ventral root did 
not activate all the muscle fibres) and the records in Fig. 9 are from 
a neuron which could not be activated on stimulation of the LV 
ventral root. 

In the experiments described hitherto in this section the tendon 
was pulled by hand. However, if the motor nerve is stimulated with 
a weight attached to the tendon the discharge after the initial pause 
differed characteristically as seen in Fig. 10. After the initial pause 
the discharge appears again but now with a frequency of more than 
400/sec and after about 30 msec there is a new pause, lasting 60 msec 
which again is followed by a high frequency discharge. No doubt the 
underlying phenomenon must be an oscillation in the muscle. After 
the end of the contraction the weight attached must stretch the muscle 
rapidly, initially with relatively small increase in tension of the 
muscle. According to MATTHEWS (1933) this favours the discharge 
from the muscle spindles, which are sensitive to a rapid stretch, but 
not from tendon organs, which are more sensitive to increase of 
tension. A few observations were made with microelectrodes intra- 
axonally in the dorsal root; the discharge in the primary afferents 
connected to muscle spindles was oscillatory in a similar way. 


d) Unit Discharge in Flechsig’s Fasciculus on Adequate Activation of Skin. 
During this work we also took the opportunity to study the neurons 
which could be excited on electrical stimulation of skin nerves. 
Different kind of exteroceptive stimuli were found to be effective in 
different cases. Some neurons could be excited only on light touch 
of the hairs of a restricted area, others were activated only on com- 
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Fig. 10. High frequency intermittent discharge in second order neuron on isotonic 

contraction of loaded muscle. The same neuron as shown in Fig. 3. In records 1 

and 3 a weight of 600 g was attached to the tendon of quadriceps. Record 2 was 

obtained during pulling by hand of the tendon. Stimulation of the quadriceps 
nerve in record 2 and 3. 


paratively strong pressure. Some neurons were excited by movements 
of the joints but since we in these experiments had not sectioned the 
muscle nerves we do not know whether this excitation arose from 
proprioceptors in joints or muscles. A comparatively large number 
of neurons were excited by the pressure of pads and the discharge in 
the second order neuron was often characterized by high frequency 
and little adaptation, the records in Fig. 11 are from such a neuron. 
Record | shows the resting discharge and in record 2 pressure on the 
central pad was started, continued during the sweep in record 3 and 
interrupted in the beginning of record 4. Thereafter the pad was 
infiltrated with cocain. This left the resting discharge unchanged 
(record 5). Now it was not influenced by pressure of pad but ante- 
flexion of the foot gave inhibition as can be seen in record 6. 

The discharge in Flechsig’s fasciculus appearing on deep pressure 
of skin or on pressure of pads was in most cases characterized by a 
high frequency often about 700 per sec. 
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Fig. 11. Intra-axonal recording from fibre in the Flechsig’s fasciculus. During 

the sweep shown in record 2 pressure was applied to the central pad. Pressure 

released in beginning of sweep in record 4. Records 5—7 obtained after cocainiza- 
tion of central pad. Now inhibition from anteflexion of foct (record 6). 


It is interesting that the synaptic mechanism and organization seems 
to accelerate the discharge from skin primary afferent neurons as 
contrasted with the situation in the neurons activated from low 
threshold muscle afferents where a decceleration occurs. 


Discussion. 


In all cases in which adequate activation of stretch receptors caused 
an increased frequency of discharge in the second order neurons this 
discharge paused on contraction of the muscle. This is evidence 
of excitatory action by fibres with their peripheral terminals on 
muscle spindles. 

Some of the second order neurons studied could be excited on 
electrical stimulation of group I afferents but were inhibited when 
the muscle was stretche!. These neurons obviously receive both 
excitatory and inhibitory action from one muscle, but does this hold 
true for all neurons excited by group I afferents? It is a striking 
finding that a number of these neurons did not respond to stretch 
of the muscle or responded with a low-frequency discharge. 

In contrast, when using electrical stimulation little summation 
(compared with the motoneuron) is needed for excitation. However, 


from that does not follow that with adequate receptor activation of ; 


excitatory fibres the frequency in the postsynaptic neurons must be 
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expected to follow the frequency in the primary afferents. If some 
summation were necessary for postsynaptic excitation and the post- 
synaptic potential shortlasting a marked decceleration might occur 
in synaptic transmission. It is also conceivable that a neuron, which 
can be activated by a synchronous volley from muscle afferents may 
fail to respond on adequate activation of the same afferents. From 
the present experiments it cannot be said if the general low frequency 
of the postsynaptic discharge on adequate activation of primary 
afferents is due mainly to the synaptic organization of excitatory 
action or to co-activation of excitatory and inhibitory action from 
the same muscle. 

Neither is it possible to tell which receptor is responsible for the 
inhibitory action under discussion. Naturally it would be of interest 
to know if afferents from the Golgi tendon organs have synaptic 
connections with these neurons. 


Summary. 


Intra-axonal recording in Flechsig’s fasciculus was used to study 
the pattern of discharge in second order neurons on adequate stimula- 
tion of stretch receptors from a muscle, the group I afferents of which 
on electrical stimulation did excite these neurons. 

Of 47 such neurons examined 32 showed a discharge or an increase 
in frequency in a resting discharge when the tendon of the muscle 
was pulled. With a strong pull of the tendon some second order 
neurons did discharge at 70 per sec but usually the maximal frequency 
was much lower. 

In 30 neurons examined which reacted to a pull of the tendon with 
an increased frequency of discharge a single twitch of the muscle 
caused the discharge to pause. It is concluded that excitatory group I 
fibres have their peripheral terminals on muscle spindles. 

In 10 neurons passive stretching of the muscle did not give dis- 
charge or increase in the resting discharge and in 5 neurons a pull of 
the tendon did inhibit the resting discharge. 

Adequate stimulation has also been used to activate neurons which 
were excited on electrical stimulation of ‘skin’ nerves. Some neurons 
were activated by light touch, others only with application of pressure 
or bending of joints and a comparatively large number were caused 
to discharge at a high frequency by pressure of the pads. 
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